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PREFACE TO THE THIRD EDITION 

It is a privilege to continue the name of Robert H. Richards as coauthor 
of this third editi^ and pay him weli-dwrved tribuU as the 
although be has taken no active part m the preparation of the PjeseiU 
It is ^so a pleasure to record the author's indebtedness to Dr. ^inhardt 
Schuhmann, Jr., as coworker in prepanng the manuscript and to Dr. 
Schuhmann with Mrs. Schuhmann and Albert W. Schlechtcn for cooperation 
in reading proof. Mention should also be made of the good work of Jorge 
Villa S. and Edmund G. Brown on flow sheeU and other detai s. 

The revision for the second edition in 1925 was neceisitated by the develoj> 
ment of the flotation process, which had brought about radical changes in mill¬ 
ing practice. Now the continued developments in flotation theory and practice 
and the expansion of its application with the premise of far greater growth in 
the future have made the floUtion chapter of 1925 practically obsolete. 

The aim in the present volume is to follow previous pobey and continue to 
provide a textbook for the student and operator which shall deal in a broad way 
with the principles, theory, and practice of ore dressing and shall cover all the 
important processes of concentration and their practical application and shall 
include amalgamation and coal preparation. Considerable material of the 
former edition has been retained, only such changes in this material being made 
as seemed necessary to eliminate parts that* were definitely out of date and to 
incorporate important features of new developrocnte since 1926. However, 
the chapter on Flotation is entirely new and somewhat expanded, mill flow 
sheets show the latest practice, coal dressing appears in new fonn, and numer¬ 
ous other major changes will be found. The chapter on Gravity Stamps and 
Amalgamation has been retained in full form for the benefit of the stamp-mill 
man and amalgamator. 

Grateful acknowledgment is made to the many individuals and companies 
who have cooperated so fully by generous contribution of information and 
data. A book of this kind to be comprebensive has to draw from many sources. 
Free use has been made of the material collected in the annual review of Ore 
Dressing and Coal Preparation in “Mineral Industry,’' of the milling papers 
of the United States Bureau of Mines, of the books of other authors, and the 
published articles of many writers. The list is a long one, too long to include 
every individual item, and the author must content himself by making a 
blanket expression of his indebtedness to one and all. 

It should be noted that shortly after the second ^ition was published, the 
“Handbook of Ore Dressing,” by Professor Arthur F. Taggart, appeared, so 
the student or ore dresser now has a handbook avmlable to supplement this 
textbook and supply detailed data which cannot be included in a volume of the 
textbook type. 


MASSAcaesETTs Institpi' E o? Tecbnoloot, 
Cahbiuexss, Mass., 

Februaryf 1940. 


Charles E. Locke. 



PREFACE TO THE FIRST EDITION’ 

Thb additioa of Volumes III aod IV to the author’s trea^ on ore dr^mg 
has made the work entirely impossible as a textbook. To 
for a book suitable for student use the present volume has therefore been 

preparing this volume the author has endeavo^ to ^“ctibe fully typical 
macWni and frocesses. The long tables of detaiUsho^^ adjustments of 
various machines in mill practice as contained m Ore Dress ng “ave beM 
omitted, and the data contained therein haw been “ 

possible. Fewer mills have been descnbed, and the attempt bwheen^made to 
select for description typical mills in the vanous impor^t distncM. Through¬ 
out the volume the attempt has been made to give the bwt 
and matters of mere historic interest have been generally omitted Bib i- 
ographies have been omitted as the source of the information can be readily 

traced through “Ore Dressing.** l _ / 

In respOMe to the demands of a considerable number of ^chers of ore 
dressing a chapter on coal washing has been added. In the hnuted number of 
oaees which waa available for the discussion of this important question it is 
obviously impossible to treat the question fully. The attempt has, however, 
been made to describe the principal machines and devices that are used in the 
preparation of coal for coking and for the market. A few types of bituminous 
wal washeries have been discussed with some detad. The author believes 
that the chapter may serve to give the student a good insight into the subject. 

The book has been written on the basis that concrete facts, descnptions of 
machines or processes, should precede the theory of operation. This arrango- 
ment the author firmly believes to be the l<^cal method of presenting a 
subject to students. . , ..... .u» 

As no two teachers take up the subjects in the same order, it is impossible 
to establish in a textbook an order to suit all teachers. The author has there¬ 
fore presented the various subjects in the same order that has been followed 
in “Ore Dressing.** In presenting the subject to students the author is in the 
habit of taking up primarily the principles of ore separation as outlined in 
Chapter I. This lea^ naturally to the methods of applying these principles 
and the presentation of a complete mill tree. After the student has gasped 
the idea of the mill process as a whole and has seen bow various machines are 
linked together, each doing its part in the process of mineral separation, the 
machines themselves can be taken up with profit and studied more in detail, 
constant reference being made to their position in the milling operation. 
Finally comes the study of actual mills, which shows the student the modifica¬ 
tions that are made to suit special conditions. 

Before laying out the hook the author corresponded with many of the 
teachers of ore dressing and wishes to acknowledge in this place the many 
helpful suggestions which they so kindly offered. 

The author wishes also to acknowledge the assistance of Messrs. Earl S. 
Bardwell and Edwin G. Goodwin. After the general outline of the book was 
laid out, the actual work of condensation and the writing of the same was done 
by them. 

Robert H. Richarps. 

Massachusetts IzfSTiroTa op Tscsnoloot, 

Boston, Mass., 

Odoter, 1900. 
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TEXTBOOK OF ORE DRESSING 


CHAPTER I 
GENERAL' PRINCIPLES 

Save little value, inW two or more products, ’ French) 

“ore dressing’’ {Aujhtreaung, German; priparatton mtMniqiu, irencn). 

Several other names are also in common use m the 

“concentration of ores,” “washing of or«, se 

dreasjQff ” The Iwt phrase, mineral dreseing, » perhara a more precise 

term than others from an academic sUndpoint and recently 

in us&ffe The ohrase “separation of ores should not be used when con 

centration of orw” is meant, as it refers more to hand methods of concentra- 

tion than to mechanical means. . . ,. i . 

The advantages gained by concentrating the valuable mmer^s ^ 
amaUer bulk are fl) that the cheaper mechanic^ method 
material is substituted for the more expensive chemical method of 
furnace and (2) that the rejected waste matenal is not shipped, and this saves 
freight. In the case of nonmetalliferous ores, such as graphite, emery, and 
precious atones, the mechanical method is the only one available. 

The advantage gained by separating two valuable minerals from each other 
lies in the fact that the mineral of less prominence is advanced from wing 
of no value, or even a positive detriment, to being a standard ore, stable to 
smelting works; while the mineral of more prominence has advanced in seU- 
ing value from ^ing a poorer grade of ore to being a better one and commands 
a higher price in consequence. 

To illustrate the advantage of smelting a concentrated ore over direct 
smelting, let us take an ore in the Coeur d’Alene containing 8.66 per cent of 
lead and 4.33 ounces of silver per ton; cost of mining, S2.50 per ton; concen¬ 
trating, 50 cents per ton; smel^g, 314 per ton for mine ore and 17.50 per ton 
for concentrates; fright charges to Denver, Colorado, $8 per ton; 100 tons of 
ore concentrated into 17 tons; loss of metal in concentrating, 10.5 per cent of 
the lead and 17 per cent of the ^ver; in smelting mine ore, 10.0 per cent of the 
lead and 3.0 per cent of the silver; and in smelting concentrates, 5.0 per cent 
of the lead and 3.0 per cent of the alver. The account for treatment by direct 
smelting will stand: 

1 
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S260.00 

600,00 

1.400.00 


Dr. 

Cf. 


M>hin« 100 ton* or« kt 62.60 p«r ton,.. 

on 100 toaa on ot 66 00 per (oo 
Smeftins 100 ton* on ot 614,00 pe( ton. 


Return from 15.666 pouimIo ot lend ni 6| ceetU pec pound 
Return from 4S0 ounen of ^ror n4 50 cent* per ounce .. 

Ttrtol. 

Bolonee of low. . 


62.450.00 

6545.66 

210,00 

$756.56 

61.064.42 


Tbe account for treatment by concentrating and smelting will stand; 


Dr. 


Cr. 


Minioc 100 too* «t 62.50 t»« ..**551^ 

CoAcentretint 100 tone ore mt 50 eenie^ loo. ,§9 H 

Frricht on 17 tons eoneeatrmCM ot 66.00 per ton. . ^ 

Smeiiutf 17 tone eoeceatiPCM »t 67.50 pet ton. , 

.6592.50 

Return from 14,726 pouiide of kod* ot 84* eeoW per pound 

Return from 846.6 ounwe of oUrer nt 50 eenU per ounce. 

.. 

Bmlanee of .. . 


If there was no freight to be paid in either case, there would still be a lo&s 
of 1894.42 on 100 tons of ore by direct smelting, while the combined processes 
would yield a profit of $262.21. ... j » 

Ore dressing makes use of many physical properties of minerals and rocks 
and of certain of their chemical properties. The difference m behavior between 
the valuable and waste minerals affords methods for the separation of the 
former from the latter. Physical properties of inUrcst in ore dressing are 

Hardness or softness. 

Tenacity, brittleness, or friability. 

Structure and fracture. 

Friction. 

Aggregation. 

Color and luster. 

Specific gravity. 

El ectrocond uc t i vit)^. 

Magnetic susceptibility. 

Change in mechanical condition by heat from dense to porous, 

Decrepitation by heat. ....... r 

Chemical properties which are utilised are necessarily limited because ol the 
mechanical nature of ore-dressing separations. They include those which may 
affect tbe physical behavior of minerals in an ore-dressmg proce^ without 
rcQuiring a chemical cliange of the bulk of tbe minerals. Some of the proper¬ 
ties of this type, listed below, may also in some respects be considered as 
physical, physico-chemical, or colloid-chemical as well. 

Change in magnetic properties by heat. 

Surface properties: greasiness, adhe^on, wettability, contact angle, 

polarity, surface tension. , . . x j 

Change in surface properties on addjUon of various reagents due to adsorp¬ 
tion or chemical reactions. . 

Some facts about these phy^cal and chenucal characters of minerals are 
given in the following pages. The properties which have most effect upon 
crushing will be taken up first. 

Hardness or Softness.— Minerals differ greatly m their hard ne^, rang¬ 
ing from tbe hardness of the diamond to the softness of talc, their abil^y to 
scratch one another being considered the measure of hardness. The table of 
hardness adopted by Dana in his “Mineralogy” is as follows: 

10 Diamond 8 Topas 6 Feldspar 4 Fluorite 2 Gypsum 

9 Sapphire 7 Quartz 5 Apatite 3 Calcite 1 Talc 




















GBNERAL PRINCIPLES ^ 

siS;, ;,*4s;s: ■s-s >»!» 

to settle in water or to move upon a plane surface. 

^ FatCTior^.—The ability of particles to move or slide fho 

affected by their shapes and by the coefficient of friction as determined by the 
nature of the surface. The automatic slate pickers used m cleaning coal take 

AGOnWATiON.—It is much easier to recover the valuable 
in an ore when this valuable mineral occurs m pure and mMses 

than when it occurs in very fine grams distnbut<^ throughout the rock mass 
or than when it occurs in a laminated or tabular form. • a 

Color and Luster— These qualities are of the greatest vaue m hand 
nicking Slight differences in color or in luster—for example, the brass yellow 
of chalcopyrite, the pale yellow of pyrite, the white of arsenopynte, the 
vitreous luster of quarts, the resinous of sphalerite, the adorn an One ol dia¬ 
mond and cerussite, the dull of chalk, and the pearly of talc—furnish valuable 
aids in hand picking and also in judging mill products. i « i 

Specific Gravity.— The difference in specific gravity of minerals attords 
one of the surest means of separating them from each other. To accomplish 
satisfactory work in water separation there must ordinanly be a difference m 
specific gravity between the valuable mineral and the waste of I.O, or, with 
careful work and under favorable conditions, of 0-5; in air separation of at 
least 0.2; and in heavy-solution separation of 0.1. In water separations, 
unless some adverse condition is introduced, the denser the liquid, ore sus¬ 
pension, or pulp, the better will it serve for the separation of minerals. 

A table of specific gravities of minerals, taken from Dana’s “System of 
Mineralogy,” 1892, is given in the appendix, compri.<ing minerals which are 
more or less apt to be present in the ore deposits of this country, A few arti¬ 
ficial products are also included for convenience. 

Differences in specific gravity form the basis of a class of ore-dressing 
processes known as “gravity concentration processes.” Specific gravity 
differences between minerals cause differences in their behavior when settling 
in water, air, or other fluids; when agitated in stratified beds; when subjected 
to washing and shaking forces on smooth inclined surfaces; or tvhen subjected 
to more complex conditions combining some of these. The quantitative 
behaviors of particles under such conditions are governed by various physical 
laws of motion, among which, for example, some of the most used are the laws 
of settling. To iliustrate; of two particles of the same size and shape, the 
heavier will settle faster or have a longer trajectory than the lighter; of t^YO 
particles of the same specific granty and shape, the larger will settle faster. 
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Particles differing only in shape also behave differently, a rounded grain 
settling faster than a tabular pain. In separation by heavy solution the 
particles of lower specific gravity float, and those of higher specific gravity 
sink, irrespective of particle size or shape. 

ELECTROCONDucTiviTY.“The fact that some minerals are relatively 
good conductors while others are relatively poor conductors of electricity 
has rendered it possible to effect a commercial separation of two or more min¬ 
erals by applying this principle. It has boon found that the greater part of 
the sulphide minerals and the metals themselves are, in varying degrees, con¬ 
ductors of electricity, while the gangue minerals are, in general, very poor 
conductors. If, therefore, neutral ore particles are brought into contact with 
an electrode containing a static charge, the better conductors become similarly 
charged and are repelled, in the same way that pith balls would be under like 
conditions, while the poorer conductors are not repelled so far. 

Maonetic Susceptibility. —The attraction to the magnet is strong in 
some minerals and metals, notably magnetite, some forms of pyrrhotite, 
cast iron, wrought iron, steel, nickel, and cobalt. Other minerals, such as 
franklinite, chromite, serpentine, blackjack or iron-bearing sphalerite, garmtt, 
etc., have very weak magnetism. Still others, such as quarU, calcile, gypsum, 
feldspar, etc., exhibit no attraction at all. By using properly constructed mag¬ 
nets, this property may be made of great value, not only separating the 
magnetic from the nonmagnetic, but those that are more magnetic from those 
that are less so. 

Change or Pouosity by Heat. —Certain minerals, when heated, lose a 
part of their volatile constituents and become porous or spon^. Air fills 
these pores and gives the mineral a lower apparent specific gravity, which is 
sometimes of aid in separation. 

Dechepitatiok. —^me minerals, when laid upon a hot plate, decrepitate, 
or fly to pieces, through the unequal expansion which overcomes the cohesion 
of the molecules. Calcitc, fluorite, and barite are examples of this. A mineral 
which decrepitates may be separated from one w'hich does not by decrepitat¬ 
ing and sifting; the latter mineral will be found on the sieve, while that which 
was finely decrepitated w*ill have gone through. 

Cmakoe of Magnetism by Heat. —Certain minerals, especially those of 
iron, when heated, lose oxygen, carbonic acid, or sulphur and are changed 
from being nonmagnetic or only slightly magnetic to strongly magnetic. The 
magnet may then ^ employed for separating them from nonmagnetic minerals. 

Surface Properties. —The surface properties of a mineral determine 
its boba\'ior at an interface or surface between two pha-scs. A separation 
of minerals may be accomplished if one mineral or group of minerals adheres 
to or consolidates \s*ith a surface of some kind presented equally to all the 
minerals. Air bubbles attach themselves to some minerals in flotation and not 
to others. Gold adheres to an amalgamated plate surface whereas quartz 
and other common minerals do not. Diamonds adhere to a greasy sur¬ 
face, while quarts does not, effecting thereby an economical separation. 

In flotation, today a very important process of ore dressing, surface prop¬ 
ort ie.s of minerals are varied by the addition of chemical reagents, and by this 
means the valuable minerals are given the ability to adhere to the air-water 
.surfaces of air bubbles- The selective adhesion of oil for certain minerals 
has also been used in certain older flotation processes. 

The Use of Supplementary Principles. —The separation of the valu¬ 
able mineral from the waste is seldom accomplished in one step. Graded 
crushing and graded separation are more often necessary, with a division of 
work among the machines in a mill such that each machine is relatively closely 
limited to doing j ust the work for which it is particularly suited. 


OEtfERAL PRINCIPLES 

Continuity of oporation in dl mact™ 

jfberated^^rainerals into the various final concentrate and waste products, or 

valuable minerals as they occur in the rock arc aggre- 
»ted with waste minerals, commonly caU^ 

K,m the other, the whYc^ccmS^^ should 

'''"cowTtrira^iOT^^he actual concenUaUon Dudiut 

nmAucis- one OF more concerUrcies and a waste product or tatUng. During 
concentration operations various unfinished prt^ucU of intermediate gra<^ 
ate produced and must be re-treated to make final disposiUon into concentrates 
and tailinits These intermediate producte are known as middling. _ 

The pCTcentoge of the total quantity of a given feed constituent which is 
recovered in the concentrate prc^uct is called its wovery or . 

The grade of an ore-dressing product is expre^ in terms of its content of 
valuable constituent, or in metallic ores usually as the per cwt of elemenUl 
metal The raiio of conceTitraiion is the ratio of the total wcig^ of ore 
treated to the weight of the concentrate produced, usually expressed as the 
number of tons of the ore treated to give one ton of wncentrate. 

From an economic viewpoint an ore-dressing plant should operate to snow 
the most favorable balance of profit between the sale value of the final products 
made and the cost of producing them. For any given type of concentration 
the unit value of the concentrate will depend on its grade, and its total ^'aIue 
will depend in addition on the recovery. However, both grade and recovery 
are related directly to the nature and elaborateness of the process and hence 
indirectly to its cost. Thus the ideal is not best grade, best recovery, or 
lowest possible treatment cost, but, generally speaking, highest economic 
recovery. This matter Is taken up in more detail as a part of the chapter on 
General Conriderations, to which material the student should now refer in order 
to acquire a general background for the more technical aspects of ore dressing 
which follow. 



CHAPTER II 

PRELIMINARY BREAKING 


Preliminary breaking is done by: blasting in the mine; calcining for fria¬ 
bility, with or without quenching; by sledging, spalling^ and cobbing hammers; 
steam and drop hammers; rock breakers; special forms of rolls; log washers; 
and wash trommels. The last two typos of machines will be treated in Chapter 
X as they apply more directly to prcliminap' washing. 

Blasting in th£ Mine. —Though, strictly speaking, this operation lies 
outside the realm of ore dressing, it may be ma4e to help or to hinder the con¬ 
centration which follows, according to the manner in which it is conducted. 
High explosives break the rock into much smaller fragments than do those of 
low power but tend to cause too large an amount of fines if the valuable mineral 
is brittle. In very narrow veins the resuing method of mining permits the 
extraction of high-grade ore. The mining of coal so as to produce a maxi- 
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mum of roorso material is an admirable example of the intelligent use of explo¬ 
sives as an aid to ore dressing. 

C.\LCiNiNO FOit Friability, with or without Quenchino by Water.— 
When an ore is heated by £rc the minerals are cracked and fissured in all 
directions by the unequal expansion, rendering them very friable, and, if they 
are dropped into water when hot, the effect is increased. This operation would 
incrcose the capacity of the crushing machines but is not generally used 
because of the expense, as well as the fact that heating may affect the mineral 
chemically and interfere with subsequent treatment, 

BREAKING BY HAMMERS, WITH OR WITHOUT HAND PICKING 

Hammers are used for breaking the lumps which are too large for the 
machine breakers; or to aid hand picking, by which clean ore is set aside for 
the smelter and clean waste for the dump. Hammers of several kinds are 
used—sledges, spalling hammers, cobbing hammers, steam hammers, and drop 
hammers. 

Hand Sledges. —These are two-hand hammers weighing from 10 to 30 
pounds and having handles 28 to 36 inches in length. Various forms are .diown 
in Figs. 1 to 4. The shape of the hammer os well as its weight and the length 
of handle vary with the individual taste of the workman as well as with the 
hardness of the rock, altitude, and kind of work to be done, These hammers 
are used for breaking the larger rocks which come to the mill, especially in 
plants where the primary breaker may be too small to receive such lai^e pieces. 
They are also used as an aid to hand sorting, in freeing large pieees of the 
valuable mineral. 
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PRELlhfINART BKRAKlifO 

than aledges. The operation . f ii_g. for example*, bringing pynte 

lumps to a uniform size, with sanft. l^ht blo^s^ior^exa 

to a suitable size for Mundl and have handles 27 to 36 inches 

^ - average man. work on 

hand!? The hammers are very bttle us<^ except on high gra 

"'"sl?!!!? Hammers and Drop HAMMERS.-These were formerly ^d in the 
Lake ^perior region for the dressing of mass copper but are h^e us^ 
-L* niiinu Threa men with a 400-pound hammer can dresa 1 ton ol 

mass copi»r%r hour. At the present time 

S^ns of wr-driven rock drilU of the piston type mounted as hammem. 

Drop hammers operated on the pnnciple of the 
Uke Superior district for dressing large moss copper. They weigh from 2,000 

“ breaking makoa less fines than 

bre^^ng by machine and has the important additional advantage that it can 
be done with intelligence. It is more expensive than niachme breaking, and, 
except where labor is very cheap or where it is possible to get a liigh-gradc 
pr^ct, it is little used in ore dressing. 

ROCK BREAKERS 

The word “breakers” should be used for all machines breaking to relatively 
large rises, while we may designate as “crushers” the other varied machines 
used for intermediate comminution after coarse breaking, such as cone crushers 
and rolls, and as “ grinders” those machines used for a further comminuUon to 

fine size, such as ball mills. . . t 

Rock breakers are almost universally used for prepanng run-of«imne ore 
for further crushing in secondary machines. They aJl act upon the pnnciple 
of approaching and receding jaws, which break the rock. In small plants they 
are fed from a chute by hand or shovel, but In larger plants they are usually 
fed from a belt or pan conveyor. An attendant is usually necessary, m small 
plants, to feed the ore and to aid the machine by breaking up the larger pieces 
of ore so that they may enter the mouth of the breaker; in large plants, to stop 
or start the feed in case of accident. For coarse breaking, two types of 
machines are standard: (1) the jaw breakers and (2) the gyratory breakers. 
The jaw breaker is an intermittent machine, that is, crushing is done through 
a fraction of the total cycle of jaw movement; whereas the pratory breaker is 
a continuous machine, exerting an equivalent crushing action at all points of 
the operating cycle. In laige capacity crushing plants, the tendency seems to 
be to use gyratory breakers, whereas in smaller plants it may be advantageous 
to use jaw breakers. Except for ores which are soft, muddy, or talcose and 
tend to clog the breaker, water is seldom fed to a rock breaker. It may be 
used to lay the dust. 

1. Jaw Breakers 

The jaw breakers are divided into three types according to the movement 
of the jaw: 
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Pio. 6a.~8«etU>nftl view of Bleke>(ype breeker. 



1. Mein frtoic. 

3. Round beck. 

9 . Filed jew piete. 

4. Swing jftw pUt«. 

5. Swing ]ew, 

0. Pitsen. 

7. Toggle block. 

8. Weage, 

8. E>ccentrio ibeft. 

10. Swing jew ehelL 

11. Upper lielf cbeek plate. 
IS. Lower half cheek plate, 
13. Bolt ior cheek plate. 


KEY TO nos. oa AND 5b. 

14. Toggle. 

16. Toggle bearing. 

16. Bolt for wedge. 

17. B^t For togpa block. 

18. Cover for maia bearing. 

19. Cover for awing jaw ekafu 

20. Groaae cup. 

21. Balance wheel. 

22. Bolt for awing jaw abaft cover. 

23. Bolt for akain bearing. 

24. PuUey. 

25. Greaa^bos eover. 

28. Bolt aad tbunab aerew. 


27. Bolt for awing jaw plate, 

28. Shackle pin. 

29. Bpriog rod ahaekle. 

30. Spring rod. 

31. Spring bar. 

32. WaabM. 

33. Waaber. 

34. Hand wheaL 

35. Thunb nut. 

36. Rubber apring. 

37. Bolt for pulh^. 

38. Gre a ee boa eoToroajnalftbaariag. 
30. Frama. 




PRBLIMISARY BREAKING 


a Those which are pivoted above so as to give the greatest movement on 
‘''*rTh^ wwS"&‘^ual movement on all sizes. Breakers of this 

have the greatest movement on the 

Urg€8t liunp—Dodge type. 

d JAW BBEAKBRS WITH QRBATEST MOVEMENT ON SMALLEST LUMPS 

Tbb Blake breaker, invented by EU Whitney Bl^e, was the suc> 
ceaJid jaw breaker and has held its place as a standard machine JO 

vears Kgures 5a and 5t> show this machine m section Md plan. The main 
frame supports a fixed jaw (2) and a swing jaw (5), both hned with plates ta 
tS^up w^r. The jaw plates <3), (4) are usually co^gaW to aaastin gni^ 
Ding the ore, the cheek plates (11). (12) are smooth. _ The swing jaw «* 
through togdes (14), a pitman (6). and an eccentric on shaft (9). Heavy fly¬ 
wheels (2lfMe attached to both ends of the eccentnc shaft and driven by a 
pulley (24) attached to one of these. Spring rods (30) through spnngs (36) 
bold the swing jaw against the toggle plates when the pitman is on the down- 
stroke. The four toggle bearings (15), as well as the mam beann^, ecoent^ 
bearing, and swing jaw bearing, must be thoroughly lubricated. In the very 
large units there is a central reservoir suppling lubricant “parU by a 
s^Wm of pipes. The receiving opemng of the breaker is called the mouth 

and tbe diacWge opening the throat. n a ^ au 

In selecting a breaker, care should be taken to see that all parts of the 
machine are massive enough to sund vepr severe shwks and strains. It 
should be of ample size to take the latest lumps. All breakers need a cheap 
breaking point, and the bolts which hold the cap of the pitman arc recom¬ 
mended as the best breaking point for jaw breakers. A breaker should also not 
be of great height, in order to make it assUble as possible under the shocks and 

strains incident to operation. ^ . i. 

Operation and Adjustment.— The heavy flywheels serve to equalize 
the load on the prime mover, accumulate energy during one-half a revolution, 
and expend it in crushing the rock on the other half. Wear on the jaw plates 
is compensated for by raiding the wedge (8) and further by inserting longer 
to^es. Still further use can be obtained by inverting the jaw pistes. 


TABLE 1 . —CAPACnr, POWER, AND SIZES OP BLARE BREAKERS 


iA IfiobM. 

ApproDDKU C*p«9itsr '»% T«b* p«r Hour (« 4bo FolloviOf 
8i>w ii Iseha. 

Horo^ 
Power, 1 

1 

i 

Sbippio^ Weipbt 
>a Pound*. 

leobos. 

Tom. 

laeboo. 

Tom. 

tftchw. 

Tom. 

7 X 10 

1 

3} 

11 

4 

2 

4 

7 

7.100 

10 X 70 , 

11 

10 

2 

17 


23 

14 

20,000 

18 X 74 

9 

17 

3 

33 

3| 

42 

30 

33.700 

2S X 38 

3 

41 

4 

44 

6 

105 

35 

42.000 

34 X 42 

4 

78 

5 


4 

144 

124 

110.400 

34 X 43 

4 

33 

3 

114 1 

4 

148 

132 

118.600 

43 X 40 

4 

144 

7 


0 

573 

135 

254.000 

44 X 34 


414 

n 


12 

1.110 

300 

525.000 

34 X 120 

H 

1.104 

u 

1 

1,643 

14 

2.340 

500 

1.000.000 


Capacity, Power, and Sizes. —Table 1 shows the size, capacity, power 
required, etc. It must be borne in mind, however, that these figures are 
approximate, and the operator will find that they will vary considerably 
according to the character of the ore. It is the author^s opinion that the figures 
for power are a bit low. The capacity varies with the spe^ up to a point where 
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the speed is so great that the ore cannot drop in the jaw between strokes. The 
maximum sjwed of the drive pulley varies from 90 revolutions per minute for 
the breakers with very large openings up to 300 revolutions per minute for the 
smaller machines. 

Materul, Life, and Cost op Parts. —Since the toughness or brittleness 
of an ore has a direct effect on repairs, it is difficult to give a general figure for 
repairs, and it will be found that the cost may vary from almost nothing to 
$200 or even $300 per year. 

The wear is practically confined to the }aw plates, cheek plates, toggles, and 
toggle bearing.^. For jaw plates one must clioose a very hard material, such 
as chilled cast iron, white iron, manganese steel, chrome steel, cast steel, or 
chilled franklinite iron; while for to^es and toggle bearings strength is a 
greater requisite. The choice will depend upon local conditions, character 
of the ore, location, initial cost, life, and scrap value. Frequently cast iron 
has a scrap value, while (he alloy steels arc useless and, when discarded, repre* 
sent a dead loss. 

The consumption of jaw plates will naturally vary with the character of the 
ore. Jaw plates of manganese steel show a gross wear of from 0.029 to 0.023 
pound per ton, chilled iron from 0.15 to 0.04 pound per ton, and chrome steel 
from 0.06 to 0.04 pound per ton; check plates of manganese steel show a gross 
wear of about 0.006 pound per ton and chrome .steel of al>out 0.004 pound per 
ton. 

Large versus Su.\ll Breakers.— As a nile, the breakers are run far 
below their capacity and for a few hours only out of the 24. 

The advantages of a large breaker are that it saves cost of .sledging; that 
It will do its day’s work in a .short time anti lea^'e the attendant free for other 
work, thus saving labor. The di.«advantage is that it costs more at the start 
and requires more power, but If <loes not on that account consume more power 
per ton. The cost of breaking and repairs is also less with one large breaker 
than when using several smaller oik's. 

Quality of Work of Bl.\kk-tyfk Breakers. —The following aising 
test is given on the product of a Blake-type breaker, with a 15- by 9-inch 
mouth opening, set to break run-of-ruiiie ore, containing dolomite with dis¬ 
seminated galena, to a maximum size of 1.5 inches; 


IVr (Vai, 


On inchp» . 51,2 

ThroM|b I.9S invhfs on O.Sr5 tneb., IS,7 

Tbrouib 0.S7A ineb on 0.625 iueh- ... 7.3 

Tbrougb 0.S25 I neb on 0.375 ineh. 7.9 

Tbreuftb 0.375 ineb on 0.23 inch. O.S 

Tbreuah 0.23 ioeb on 4.0 milliraotero. 4.S 


Throunh 4.0 mtlbmctors on 1.0 milhinelcr .... 4.4 

Throiicb 1.0 iBiNim«ler on 0.23 millimeter,.. 0.4 


Tlirough 0.23 millimetre. i. j 

T««l.. .lOO 


The two foliou ing sizing tests were made on Blake-type breakers fed with 
a hard close-grained granite having a compressive strength of about 30.000 
pounds per square inch. The granite was fed in lumps as large as the macnine 
would tak<*- 


Mouth Opcoinc* in loehm. 

10 X 4 
PpTceot, 

JO X 7 
Pertcat. 


Ob 2. .5 inrhe^. 

7.0 

0.5 

T hrou4b 2. .5 i nebea 

** 

2.0 

10.0 1 

23.0 

2.0 •* 


1.3 . 

23.0 

21.1 

'• 1.5 ” 


j.o •• . 

23,2 

17-S 

1,0 " 

4 1 

0.73 •• 

6.4 

4.8 

0,7.5 •• 


O-SO •' ... 

9.» 

7.0 

0.30 •' 


0-23 •' . 

8.7 

8.2 

” 0.23 " 

•• 

0.125'* _ 

4.5 

4.1 

•• ai23'’ 

Totmla.. 

♦ ♦ 


7.S 

100.0 

6.6 

100.0 
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Tbe one point which ttonds out pronunently 6nes 

^e'^^'smairu.St. v^icaQy „„ a gold 

<BUk4 iyp*) 3« bv <8 ifteb«. 

BN»k«r. u» t« ib« VM •f brasker op«nin|. 

F«4. , thr«i«b ^ineb ni»*. _ 

pT«4uei. «.000 to T.OOO tOM ptt 24 hour* 

C*p4cilr.- • • 

Cm( «p«r»ticci: p*t ton. 

Lobot. .. . O.bM e«nt por t«M. 

BgpplMo • O.SAO r««( po* ton 

T„.,., . . ,. rj<nc-...p«.«.. 

c ,AW BREAKERS HAVWO THE GREATEST MOVEMENT ON THE EAROEST LOME 
*' WITH THE SWING JAW PIVOTEP BELOW 

The Dodge breaker employs the same principle as Blake, except that 
^®, . L* *ko inwpr pnd ffivlnff tho ffrctttcst inovernent on th(^ 

farBest'^amcT "very few Dodge-type breakers are used in mills at present, and 
In fecent yeirs thefr SI has ^nTonfined to the sample room, where a very 

THF^CoMPri OF THE BlaKE- AND Dodoe-type OP BnEAKEnS.-In 
comparing the two machines the common opinion w that the Dodge pves a 
more even product than the Blake, but the author is of the oinnion that th« 
advantage \s more imaginary than r^al. It can be shown> however, that, in 
crushinA 7-inch cube of rock into I-inch cubes, the Dodge breaker 
?ng aeventeen times the rate at the mouth that it is at the 
Blake is working only twice the rate at the mouth that it is at the throat. A 
machine so unevenly^loaded as the Dodge cannot fail to be more expensive in 
the use of power than one as evenly loaded as the Blake. j „ 

Breakers of the Blake type are extremely simple in mechanism and action, 
a decided advantage in such massive machines- Expcnence lias shown that 
it is not feasible to employ two kinds of action in these roachmos. A breaker 
can crush by pressure, impact, or attrition, and one which tries to employ 
more than one of these forces asually docs so at the expense of efficiency. 


2. The Spindle or Gyrating Breakers 
Of these machines there are three types: 

a. Those which have the greatest mo^'ement on the smallest lump. 

5. Those wliich have equal movement on small and large lumps, 
c. Those which have the greatest movement on the largest lump. None of 
this type is used. 


a. THE SPINDLE BREAKERS HAVING THE GREATEST MOVEMENT ON THE SMALLEST 

LUMP 

Examples of this type are the Gates and the McCully breakers. 

Since ^ the most modern gyratory breakers are alike in principle and 
difer only in minor details, w e sh^l illustrate and describe one which is finding 
its way quite generally into American plants. The student with a thorough 
understanding of the principles involved should be able to under.^tand any 
machine of this type. 
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The Gtratoby Rocs or Orb Breaser. —The Style N Gates breaker, 
made by Allis-Cbalmers, is shown in Fig. 6. It consists of a heavy frame B 
supporting a spider C, which, in turn, supports the spindle D by means of a 
split nut E. To the spindle is attach^ the breaking head F with its envelop¬ 
ing mantle for wear. A gyratory motion is imparted to the spindle by means 
of the eccentric (?, which is driven by the gear and pinion H and /. The 
breaker shell is lined with concaves K to protect the frame from wear. Rais- 



Fjo. 6.~8«etionAl view SlyJe H Galee bretker. 


ing or lowering the breaking head is accomplished by means of the split nut E. 
All bearing parts and gears are protected from grit and dirt and supplied with 
oil under pressure by the pump A. Some breakers support the spindile on a 
wearing button in the bottom plate, but this is not considered so satisfactory 
as suspending it from the spider as shown. The action of the machine is as 
follows: When the bevel gear revolves, the spindle is free to gyrate or rotate 
in the eccentric. Practically, it rotates until ore is fed between the breaking 
faces; it then gyrates. This gyratory motion causes the breaking head to 
approach to, and recede from, the concaves, and, owing to the fact that the 
spindle acts as a lever with its fulcrum at the top at the point of suspension, 
it will cause a greater movement at the lower end of the breaking head than 
at the upper. This causes a breaking action upon the lumps of rock that are 
fed into the space. The pressure has a greater movement upon the smaller 
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wor^ng only one^half of each revoluUon. 

Experience has shown that the h^t 
of the ratio of reduction is 6 to 1. U^er 
very favorable conditions 7 to 1 is possible^ 
but fine breaking imp<^ very severe 
strains on the mechanism. The most 
economical setting of the breaker is 
obtained when the discharge point on the 
head is exactly opposite the discharge 
point on the concaves. If good results are 
to be obtained, the head must be lifted a 
little each week to take up wear. Figure \ 

7 shows at A the kind of wear which takes |\^ 
place on the head when the breaker is run JJ 
for a long period without sdiusUng. As 
soon as this wear has increased theopemng 
so that the product is too large and it b ““ 
attempt^ to raise the head to reduce the 
size of the product, as at B, the machine pip. Slwteh ibowmi fgUtey of 
will become choked, because the angle of i»rf* ttntfi of gdiunmont for gyratory 
nip is too great and the particles cannot brotiiorg. 

discharffe from the breaker. j 

Mkthod op Inserting Liners or Concaves.— Figure 8 shows one method 
of placing and holding new dies or liners. In this case there are sections. 
The space (1) behind and between them is run with smc. One of them (15 
is called the “key liner" and is rectangular in section; behind it m the top shell 
is the groove (2), in which a wedge can be driven for removing this key liner. 
After this one has been removed, the remainder may be pned off one at a ime. 
The ring (4) and the wedges (5) are used only when putting in new dies. 1 his 
is only one of the many methods of holding on the liners. 

TABLE 2.—SUES, CAPACITIES, POWER, AND WEIGHTS OP GATES STYLE K BREAKERS 


SO-90 

30-10 

40-60 

60-75 

75-100 

100-125 

125-150 

125-150 

125-150 

150-200 

150-200 

150-200 

200-250 


625 

575 

550 

525 

475 

450 

400 


400 

S7S 

STS 

350 


Details op Capacitt, Power, and Siees op Gteatort Breakers.— 
Gyratory breakers are made in a great number of sises, those given in Table 2 
having been selected from the catalogue of the latest Style N Gates breaker. 
The total size of receiving opening is twice that ^ven in the table, since the 
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spider two arms. Thus the total opening for No. 3 is 7 by 44 inches. The 
gear ratio is such that these breakers make approximately two gyrations for 
eight revolutions of the driving puUey. 

b. SPINDLB BR&AKERS WITH EQUAL UOVBMENT ON LARGE AND SMALL LUMPS 

A sectional view of the Telsmitb primary breaker is shown in Fig 9 
It consists of a rigid central shaft or pillar A, about which rotates the sleeve 



8.—Lt&erf. dJei or codcavm for syrttory broakoro. 


eccentric 5, drivcji by the gear B. C is a flanged head liner on which the 
crushing head D is keyed and adjusted vertically by means of the jack screws 
f'. <7 are split distance rings, J expansible taper bushings, and K an oil pump 
[or pr^surc. lubrication. The central shaft A does not rotate; it resembles a 
huge bolt through the breaker structure. The crushing head gyrates but it 
does not route except by friction with the eccentric, and then only when the 
breaker is empty of ore. The crushing stroke is essentially a horizontal 
gyratory movement. 

The central shaft Is made of high-carbon steel. The breaking head and 
concaves or liners are made either of manganese steel or of chilled cast iron 
All beanngs are babbitted and supplied with oil under pressure by pump K. 
Both corrugated and plain breaking heads are used. 


TABLE 3. CAPACITY, POWER, SIZES, AND WEIOBTS OF TELSMITH BREAKERS 
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56.000 
inn nnn 

JU 


420 

4 
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The pmeipl. o/ . rigid M 

macbifies. 



Fro. 9.—Se«tion of Tfisioitli prtniftry brotkor. 


Qualitt op Work and Sise op Product op Gyratory Breakers.— 
Breaking tests have been made with gyratory breakers upon a bard close- 
gained granite with a compressive strength of about 30,000 pounds per square 
inch and the feed ranging between 3 and 1.6 inches in diameter under the 
conditions shown below: 
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Below will be found sizing tests of the products produced as shown in the 
table on page 15: 



TmU No. 3 ftsd 4. 

Tene Na. 6 aod 6. 

T«U Ne. 7. 9. end 9. 

Poiude. 

PeteeaC. j 

Peaade. 

Percent. 

Pouadft. 

Perceftt. 

Over 1 ieob. . . 

1.6 

m 

1.6 

0.30 

■MM 

MPW 

Tbreuch 1 oft I'iiicb. 

60.6 

Ht39 

66.6 

11.94 



I T •• 

234.0 


218.6 

43.83 



t 1 

60.6 


66 0 

19.86 



1 1 

123.0 

24.63 

120 0 

34 07 



Tout. 

467.6 

100.o: 

498.6 

100.00 

600,78 ' 

96.96 


Following will be found two more sizing tests on the products of gyratory 
breakers handling an ore similar to the one just given, except that the breakers 
were fed with material as large as they would take: 


SIse of Mofttb Opealof. 

4 XSSIaebeft. 

7 X 48 laebei. 

Oa 2 

i iaeb. 

Pereeel. 

3.0 

Perceal. 

6.0 

Tbteufb 21 2 


5.3 

17.6 

** 2 ** 1 

1 . . . . 

84.2 

27.0 

U » , 


16.0 

20.8 

1 * «• 1 

Pi 

6.6 

6.7 

1 " 1 

II 

6.4 

7.3 

1 r 

le 

6.3 

6.0 

«• 1 '* 1 

!• 

3.2 

2.7 

|Ueb.. 


4.7 

4.0 

TeUU. 


100.0 

100,0 


Weariko Parts. —The life of the wearing parts of a gyratory breaker 
depends so much upon the character of the ore and the care of the machine 
that It is difficult to give general figures. The parts most subjected to wear are 
the head, concaves, and liner plates. Many materials have been tested for 
these parts. Resistance to wear is, of course, the most desirable quality. 
Chilled iron, steel, white iron, manMneee steel, and some of the special alloy 
steels are the most common materisJs used. Manganese steel has the undesir¬ 
able property of flowing under extreme pressure, making it difficult to keep the 
head tight on the apin<Be. A head of manganese steel showed a wear of 0,002 
pound per ton and one of chilled iron 0.021 pound per ton. A set of concaves 
of manganese steel showed a wear of 0.006 pound per ton. 

Operatino Data ako Costs. —A company operating in the Coeur d Alene 
district in Idaho reports the following: The ore consists of argentiferous galena 
in a gangue of quartzite. The property has three mills, the largest of which 
has a capadty of 600 tons per day. 


MAchint ... 

Sice o( feed 
Sise d produel: 

On 30 millicaetere 
ThroufK 30 nilUaelen 
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Cort ol operotioo: 
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No. 6 Kottaedy ^rotery bredisr. 
12 inebos. 
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>4 per cent. 

100 per oent. 

1.600 t«is per 24 boute. 

Pet Too Pet Too 

of MiU Feed. Crowed. 

O.deept. I.Soents. 

O.S espt. 2^4 eeoU. 

l.Seeats. 3.6 eenU. 


An American company operating on a disseminated copper ore in Mexico 
reports the following data and costs. The economic minercJ is secondary chal- 
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cooite in a gangue of diorite porphyry. The concentrating plant has a capacity 
of 2,800 tons per day. . 

’ .. . AlU*-Cb4lB»T» N«. • Typ» N (0»l«*>. 

Mftcnm6.... j>u- ^ mi#*, »bo«t 9 iftCM*. 

Bue oJ .. 

erf product: 


Oa SB.67 vilUttotcn. 
Oa miUiactcr*. 
Oa U.Bd nuJUttoWn, 
Ob 0.43 CBiUiiBCton. 
Oa 9 somit —> • • 

Tbrou^ S iDMa.... 


P«r Cent 

e.o 

9.9 

4.4 

17.3 

9.9 


100.<1 

. 4 , 000 t« fi.000t4»»per 34hourB. 

C^op^uWt 0.315 eeat. 

.. isttsi: 

^ Total .Oii e»l |*«r ton cl erudo ofo. 

DrscusaioK akd comparison of jaw and gyratory breakers will be 

made along the following lines: -i. * • 

1 Principles of Adton.—Gyratory breakers are continuous, that is, they 
are working all the time. Jaw breakers are intermittent, that is, they are 
working a little less than half the time. To make this companson complete, 
however, we must introduce the amount of surface being used for breaking. 
The complete sUtement will, therefore, be: The jaw breaker is breaking with 
iU whole surface for nearly half the time; the gyratory breaker is breaking 
with nearly half its surface all the time. ^ 

The continuous action of the gyratory breaker is undoubtedly a 
mechanical advantage to the machine, in that uniform transmission of 
energy is more economical than intermittent. Moreover, the problem of 
crusher foundation and vibration of mill structure also must be considered. 
The intermittent machine introduces the element of stored energy, which 
is obtwned by heavy flywheels and high speed. If a jaw breaker is slowed 
down while it is working, its lowest limit of speed will be passed, and the 
machine will stop, because the accumulated energy does not add enough 
to the transmitted energy to break the rock. Hence heavy flywheels and 
high spe^ of rotation, within reasonable mecbaoical limits, are favorable to 
more efficient action of jaw breakers. 

With both jaw and gyratory breakers, the rate of oscillation of the moving 
crushing surface directly determines the machine capacity, other conditions 
being constant. The upper limit of increase of capacity with rate of oscillation 
is determined by the rate of fall of rock between the crushing faces owing to 
gravity. In passing through the crusher, the rock is engaged and crushed 
successively finer several times before it leaves the bottom at the desired sise. 
Hence sufficient time should be allowed between each crushing stroke for the 
rock to fall by gravity a maximum distance between each impact or revolution, 
this distance determined by the vertical taper of the crushing space and the 
reduction accomplished per impact. 

2. Taper .—The taper or decrease of width between the movable and fixed 
crushing surfaces per foot of depth must be small enough to hold the rock well 
and prevent it from snapping out. At the same time the less the taper, the 
slower the crusher must run to allow rock to fall the necessary distance during 
each back stroke, and the deeper must be the jaw in order to effect the usual 
reduction ratio of 4 to 1. The deeper the jaw is, the greater the movement 
must be at the end of greatest movement to prevent pacldng. The action of 
the jaw breakers is such that they must have less taper than gyratory breakers. 
The or^ary taper for gyratory breakers is inches per foot, but it is found 
that 5 inches on a gyratory breaker is as good as 4^ inches on a jaw breaker. 
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The substitution of curved crushing surfaces for straight ones, producing 
crushing openings with taper decreasing from top to bottom lias shown advan¬ 
tages, particularly in crushing smaller rock siscs in gyratory breakers, making 
possible a finer product or increased capacity under the same operating 
conditions. 

3. Capacity^ Size of Feed Opening, Potter, Coelf and Size .—As mentioned 
before, gyratory crushers are in favor for large installations. A gyratory 
crusher with the same width of mouth as a given jaw crusher has a much larger 
length of mouth and a much larger effective crushing space, with correspond¬ 
ingly greater capacity and lower pow'er consumption per ton of ore crushed at 
maximum capacity. On the other hand, in small mills the size of preliminary 
breaker is most frequently chosen on the basts of width of receiving opening 
necessary to accommodate largest pieces of rock in run-of-mine ore, and the 
breaker so chosen will have considerable excess capacity. For a given width 
of mouth a jaw breaker will be smaller, less costly, have less excess capacity, 
and operate more efficiently on relatively small tonnages than a gyratory. 
Hence in making a choice between the two, the capacity requirements and the 
maximum size of rock to be crashed should both be given full consideration. 

Ordinarily the hourly capacity of the coarse crushing equipment is two or 
three times that of the remainder of the mill, so that crushing may be done 
during the one shift that ore comes from the mine. This is desirable also 
because repairs and replacements in crushing machines are more frequent and 
consume considerably more time than in the remainder of the plant. Daily 
inspection and repairs in the off-shifu are thus conveniently made without 
affecting actual null output 

4. Type of FeediTiy .—In general a crushing machine may be fed in one of 
two wa 3 ^, w'ith free feed or with choke feed. In free feeding, ore is delivered 
to the machine at a rate such that the crushing opening is miuntained only 
partially filled. In choke feeding, the ore is allow*ed to fill up the crusher and 
even pile up to some extent on top of the crusher. Gyratory crushers operate 
better under choke-fe^ conditions than jaw breakers and will clear themselves 
much better after being completely filled up. However, for maximum crush- 
ing efficiency it is desirable to feed either type of crusher at a proper rate by 
mechanical feeders, generally under manual control. 


CHAPTER III 


INTERMEDUTE AND SECONDARY CRUSHING 


ranee of siae reduction of ore in intermediate and secondarjf 
- If trXdefined owini to the wide variation in practice and in m^vidual 

‘ir/£Lg£s;;g 

delate re"^cdotmt"S on“«4e or of“sfv""Zl^ea depending on 
the amount of reduction desired, the characteristics of the crushers used, the 

a definite maximum-sise requirement, Mrticularly 
sizes it is necessary to operate crushers in closed circuit. Operating m closed 
circuit, the product of the crusher is sized by a suiUble scrwn^he screen u^er- 
slse p^ing on to the next operation, the screen oversize Wng returned to 
reodi the crusher. In continuous operation under set conditions the amount 
of^terial returned becomes approximately coiwtant m relation to the amount 
of final product and is known as the “circulating load. Operating in open 
circuit, the standard procedure in coarse or preliminary breaking, no return 
of oversize is made, although a grizzly or coarse screen may be placed ahead 
of the crusher to by-pass feed material already fine enough and thus to increase 

crusher capacity. ^ . , 

Machines used for intermediate and secondary crushing are in general 
either one of two types: (1) reduction gyratory crushers or (2) rolls. The 
gyratory type, similar in operating principle to the gyratory breakere but of 
different design, is capable of handling coarser feeds and of accomplishing a 
greater reduction ratio per passage than the rolls, and in recent years it has 
taken over a large part of the field. Rolls, however, are very common m the 
last crushing stage, after reduction gyratories, as they are better suited for 
production of finer products. 

1. Redtjction Gyuatory Cbcshers 


Symons Cone Crusher. —Of the reduction gyratory crushers the Symons 
cone crusher, in the space of a relatively few years since its introduction, has 
assumed a position of outstanding importance. The high capacity and rela¬ 
tively high ratio of reduction (6 to 1 and even higher), of w'hich these machines 
are capable, have made it possible to produce finer ultimate crushing-plant 
products with simpler fiow sheets than were characteristic of previous crushing 
practice. 

Standard Type .—The Symons standard cone crusher is shown in section in 
Fig. 10. The crushing is done between the gyrating conical head a and the 
curved bowl b. The crushing cone and the shaft c are entirely supported on 
the spherical-shaped socket bearing d and are gyrated by the sleeve-type 
eccentric e, which is driven by the gear and countershaft assembly. The 
bowl is threaded on its outer circumference / to fit the similar set of threads 
of the adjustment ring, and the bowl may thus be raised or lowered in relation 
to the cone by the ratchet windlass g to take care of wear of the crushing surfaces 
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and to reeuiate product size. The bowl assembly is held to the mam frame 
by the s^ies of bolts and sprinp h which protect the crusher from breaking 
due to tramp iron or other noncrushable material- Ore is fed to the machine 
throuKh the adjustable feed spout onto the distributor disk t, which gyrates 
with the head and distributes the feed around the annular crushing space. 

The Symons cone crushers make use of certain pnnciplea not taken advan- 
taw of to any great extent in previous gyrating crushers. In the faret place 
the head moves considerably faster and has several times the ampl itude of 


nf standard 


movement of standard gj-ratories. In sfiite of the much greater movement a 
finer product is produced because the maximum product size is deteiroined by 
the minimum width of discharge opening in the lower parallel crushing zone, 
rather than by the maximum opening as is usual with or gyratory crushers- 
This feature is explained by the fact that the time of one ^ration is less than 
the time required for pieces of rock to fall clear through the parallel zone by 
; hence all rock particles are crushe<l at least once m the minimum width 

of the parallel zone. , , , ^ . i ,u l 

Efficient and rapid discharge and movement of crushed matenal through 

the machine arc fevered by the shape of the crushing cavity whose length, 
measured in a horizontal plane around the circumference of the space between 
the bowl and the crushing head, increases considerably from top to bottom. 
Thus in spite of the fact that the width of the opening between head and bowl 
is much greater at the top, the effective area of the opening available for the 
t rushing and the fall of finer sizes at the bottom is of the same magnitude as 

JgHlfm ^ Kaikmj, Ut>iw**rfifv Lsb^arv 
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Short-head Type.^The Symons short-head cono crusher is shown in section 
in Fig. 11. This crusher is similar in operation to the standard type, but it 
is designed for finer crushing work. The head is shortened, and the angle 
of the crushing cavity is steepened. Also the parallel zone Is somewhat longer. 
Capacity data are given in Table 3a. 

Other Repuctiok Gyratory Crvshers.— Gyrator>' crushers of the 
suspended-spindle type arc also constructed for reduction crushing, with 
suitable shape and size of crushing o|>eningand other slight changes in design 



p,„. 12.—Sectional view* of Trnylor Tj'pe T2 rodurtlon rru^hcr. 


from the .standard breaker type. Figure 12 shows the Traylor Type TZ 
reduction crusher with the so-called “bcU head” and cur\*cd concaves. The 
use of curved concaves, instead of the straight concaves common for coarser 
crushing, causes a more rational distribution of the work of crushing of the 
\'arious .sizes over the crushing surfaces, and accordingly higher capacities and 
reduction ratios are possible in crushing to fine sizes. 

The Neu‘hou$e crusher is a reduction gyratory crusher driven directly by 
an electric motor mounted above the crusher spider, eliminating gears, belts, 
etc. It is constructed for cable suspension from the building framework. 

Operating Data and Costs. —A company operating in Quebec reports 
the following Symons Cone data: The ore contains gold in intimate association 
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For further data on intermediate crushing with reduction gyratories, flow 
oheeW, etc., refer to examples in the chapter on Mill Principles and Processes. 


Rolls 


RoUs are generally used in the final fine crushing stase or stages. They 
are adapted for feeds up to 2 or 3 inches maximum sise and for crushing as fine 
as 10 or 12 mesh (about 1.0 or 1.5 millimeters), although present practice 
favors feeds of 1-inch maximum sise or less and final products at coarser siaes, 
from 5 to 10 millimeters. Rolls are not positive crushers and hence are nearly 
always operated in closed circuit with screen-si sing equipment. Feed may be 
either wet or dry, the latter being more common. 

Principle and Purpose op Rolls. —Crushing rolls consist of two iron 
or steel cylinders A A (Fig. 13), revolving upon the shafts BB in the direc¬ 
tion of the arrows and acting upon the lump 
of ore C, on the principle of the t<^le joint. 

Th6 revolving rolls, being held in position in 
their journals, act radially on the lump, gradu- 
dly Rawing it toward the narrowest space 
between them and finally breaking it by com¬ 
pression. Since rolls crush by direct pressure 
and sinoe they are usually set to crush to a 
particular sise, so allowing particles smaller 
than this sise to drop through without being subjected to further comminution, 
rolls are preeminent among machines for crushing with minimum fines. They 
are, therefore, especially suited for cruabing brittle minerals, such as galena, 
chalcopyrite, siiic blende, etc. 

When crushing substances such as native copper, native silver, or horn 
silver, rolls may either help or hinder subsequent treatment. The flattening 
of gr^ns which are malleable, while the brittle rock is broken to a <^maller 
sise, may be made a direct means of concentration by screening out the flat¬ 
tened grains from the finely broken rock. On the other hand, in crushing 
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native copper rock by rolb» it b found that the copper b liberated from ita 
rock in leaves, flakes, and thin arborescent forms wholly unsuited to jigging, 
thus causing great waste in the tailing. In crushing native gold ore by rolls, 
the gold fails to be brightened preparatory to free amalgamation, the thin 
flakes f^l to be broken up preparatory to concentration, and, finally, it b 
difficult to reduce the ore to a sufficiently fine state to liberate the gold. Rolls, 
therefore, do not find favor for crushing preparatory to amalgamation. 

General Construction. —Figure 14 shows a standard type of crushing 
roUs. These consbt of two shafts on w'hich are mounted permanent cores of 
cast iron. On the cores are fixed the roll shelb or tires, which are from 2 to 
inches in thickness. One of the shafts revolves in fixed bearings, while the 
other revolves in naovable bearings which slide in a set of guides on the pedestal. 
The dbtance between the two sets of bearings, which in turn determines the 
distance between the roll shells, b regulated by shims. A nest of powerful 


Fio. 14.—StAndftrd •(rticbuliae typ« of roUi. 

»<prings holds the movable bearings against the shims and fumbbes the requbite 
crushing pressure wben ore b introduced between the rolls. The springs are 
compressed and held in position by means of a massive nut and bolt, as shown 
in the sketch. A housing of metal keeps down the dust and retains the fi^ng 
fragments of ore. The shafts may be driven by gears but are usually driven 
by pulleys as shown. 

The crushing cylinders ordinarily consbt of a permanent central core 
of soft iron, which b forced upon the shafts by hydraulic pressure and to the 
trued surface of w'hich a removable shell or w*earing part b fastened. 

8. R. Krom originated core and tires as follows: The core b in tTVO parts 
(sec Fig. 15), each a little less than half the length of the face of the roll shell; 
the parts arc slightly conical, having their lesser diameters inward. One part 
b shrunk permanently to the shaft and fixes the position of the roll; the other 
b ^awn into place by four powerful bolts. The inside of the tire has two 
corresponding conical surfaces. The movable halfn^ore is split on one side and 
springs enough, because of the pressure of the tire, to hug the shaft and prevent 
slipping. The core, when made in one piece, often b lightened by casting with 
a cored-out center. 
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Roll shells have been made of cast iron, cast steel, roDed steel, chrome steel, 
And manaanese steel. The material should be hard enough to stand the wear, 
toueh enough not to chip, and not malleable, so that it will not flow under 
extrome pressure. High-carbon steel, manganese steel, and chrome steel 
are probably most commonly used. Chilled cast iron has the advant^e ot 
a low first cost but has a short life and wears unevenly. Forged steel is the 
most reliable material: it may or may not contain chromium or manganese- 
RoU shells are not homogeneous and tend to wear in grooves, If the ends 
of the rolls are not in the same vertical plane, flanges form on the protruding 
ends. Uneven roll shells may be trued up by turning in the machine shop or 
in some form of apparatus, as in Fig. 16. It is far better to try to prevent the 
formation of such grooves and flanges, for their removal is tedious and expen¬ 
sive. Most mills insure even wear by side adjustment of the rolls and changes 
in direction of the feed. 




FiQ. 10.-^Eroni'« method of st- 
toebins iboUi. 


Fio. 10.—dturtovMit roU-eboU turnius 
dovieo 


Fegders.—A sudden rush of ore will choke the best rolls unless they are 
provided with an extraordinary amount of power and strength; a deficit 
of ore causes loss of time. A fe^er furnishes the simplest corrective for both 
these conditions. In practice the rock is either taken direct from some machine 
which limits output, for example, a breaker, or it is fed by an automatic 
feeder from a surge bin into which the rock from the preceding step and the 
circulating load of the rolls circuit itself are discharged. A belt or conveyor 
feeder is best adapted for feeding a uniform continuous stream. The feed 
spout into the rolls should be of the same width as the roll faces, and should 
be placed at right angles to the roll shaft, arranged in such a way that the 
feed distributes itself as evenly as p<^ible over the width of the rolls. These 
provisions are important in obtaining even wear of roll shells and absence 
of corrugations. 

Spbinos.—T hese must be of sufficient strength to furnish the necessary 
crushmg pressure, which varies from 16,000 to 100,000 pounds. They are 
usually of the helical car-spring type and should be long enough to prevent 
the coi^^m closmg together. The average resisUnce of crushing is probably 
about 6,000 pounds, but the pressure will rise higher and fall lower as the rate 
and character of the feed change. Springs also act as a safety valve to prevent 
the pr^ure on the rolls from rising too high in case a hammer head or piece 
of drill steel entera the rolls. The shims or compression bolts take up the 
full pressure of the sprmgs and prevent it from transmitted to the 

hearings when the ore is not being fed. 
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Pillow Blocks ako Tbeir Aliotiuent. —Means must be provided for 
regulating the distance of the rolls from each other, in order to suit the crushing 
and to compensate for the wear of the roll shells. The mechanism must be 
such that, on the one hand, the rolls, when cnisbii^, cannot approach nearer 
than the distance at which they are set and, on the other, that they will not 
recede at all with the ordinary work of crushing, but if a hard object, like a 
drill point, is fed, they will open and let it through to save breaking the 
machine. It is for this purpose that the boxes of one of the rolls are made 
movable. 

The boxes or bearings are usually split into a cap and base and babbitted to 
reduce friction. They must be protected from dust and grit and, provided 
this is done and the bearing well lubricated, they should not require water 
cooling. 

Driving Mechanisu. —Rolls are called geared*' rolls when driven by belts 
and gears, or ** belted’ ’ rolls when driven by belts alone. The former are very 
little U8€^ today and never for anything but slow^peed coarse crushing. 
Belted rolls are used for medium- and high-speed rolls and for both coarse and 
fine crushing. As most of the rolls found in the mills are belted rolls, belted 
rolls alone be discussed here. There are several methods of belting rolls 
(see *^Ore Dressing,** Volume I, page 80). Most of the rolls in use today are 
provided with a pulley for each roll, the pulleys being on opposite sides of the 
machine and driven from the same shaft, one by an open and the other by a 
cross^ belt. When one pulley is larger than the other, as is usually the case, 
the larger pulley is driven by the open belt. 

HorreiKO.—The rolls are encash with a plate-iron covering to keep down 
the dust and retain the broken fragments of ore. A hopper is also provided in 
connection with the feeder large enough to accommodate any sudden rushes 
of ore from the bin or preceding machine. 

Width and Diameter of rolls. —Rolls vary in diameter up to 72 inches 
and in width of face up to 24 inches. In the smaller mills 14 by 36 inches is a 
very common sise. Under the same conditions wide rolls have a greater capac¬ 
ity than narrow ones, but require a much heavier frame to withstand the 
strains. Narrow rolls, on the other hand, are easier to keep true. The tend¬ 
ency is toward rolls of larger diameter. They have the following advantages: 
(1) Increasing the surface increases the amount of metal, and the shell crudes 
more materid before it has to be renewed; (2) larger rolls can make a greater 
reduction in one passage of the ore; (3) larger rolls have a greater capacity than 
smaller rolls, because they can be run at a higher rate of speed on account of the 
more advanta^us angle of nip. Argali gives the following formula for the 
diameter of rolls: 

0.0476 X D * 

where D — the diameter of tbe roll in inches. 

Sn ~ the diameter in inches of the maximum grain in the feed. 

Pbbipberal Speed. —Tbe rate of revolution is not a good basis of compari¬ 
son of rolls, particularly of those of different diameters. The peripheral speed 
is more directly related to tbe rate and efficiency of crushing. It varies greatly 
under different conditions. Large rolls in copper concentrators (72 to 80 inches 
in diameter) range from 1660 to 3350 and small rolls (42 to 56 inches in diam¬ 
eter) from 620 to 1375 peripher^ feet per minute. Tbe tendency is toward 
high-speed rolls for finer crushing, but for coarse work on bard rock slower speed 
is often better. In the latter case too high a speed may cause larger pieces to 
ride until r€^uced by abrasion to a sise at which they may be nipped; this will 
cause roll corrugation. An argument in favor of high-speed rolls is that they 
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«. amoother running owing to the greater energy stored in the moving 
Both^^ usually run at the same spe^ although occasionally one runs slightly 

^^^^gall, after an extended series of experiments, gives the formulas; 


ICKJx'^-P.ndSgx 


log 


16 


log 2 


D 


log 2 


* N 


where D — the diameter of the rolls in inches. 

N the number of revolutions per minute. 
p » the peripher^ speed in feet per minute. 

S * the sise in inches of the maximum ore cube fed. 

These speeds are not necessarily correct for all ores or conditions, but they are 
the speeds at which Argali secured the best results and are safe and reliable for 
starting any rolls until a better speed to suit the given ore can be found. In 
securing the above results Mr. Argali used a crushing ratio of 4 to 1, that is, the 
particles were broken to one-quarter sise of feed, a ratio which should never be 
exceeded. 




Space between Rolls and Angle of Nip. —Rolls may be set so close 
together that there is practically no space between them, or at varying distances 
apart—up to ( inch. The relation between the diameter of the ore fed to the 
rolls and the space between them, that is, the amount of reduction, is most 
important if rolls are to do their b^t work. A common rule for coarse rolls is 
that the space should be one-half the diameter of the maximum lump fed. 
This, however, is an imperfect rule, as it does not include the consideraUon of 
the angle of nip. 

Angle of Nip, —If rolls C, D (see Fig. 17) be fed with a sphere of rock E, 
the tangents to the rolls at on, the points of contact with the sphere, meet 
below, forming an angle which angle Is called the ** angle of nip.'* 

This angle may have values beginning with 0 degree, where the space 
between the rolls is as large as the fe^ lump, and increasing upward until tho 
angle is so large that the rolls cannot nip the fragments. This angle of nip 
in any case will depend for its value upon the diameter of the rolls, the ^ameter 
of the lump of ore fed, and the distance between the rolls. It is ^$o affected 
in the following ways; It is diminished by increasing the diameter of the rolls, 
by increasing the space between the rolls, and by diminishing the size of the 
lumps fed to the rolls. 

All relations between size of feed, space between rolls, radius of rolls, and 
angle of nip can be expressed by a simple formula, which is derived as follows 
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(see Fig. 18): If 6 » redius of sphere to be crushed, a » } space between rolls, 

r + a . N 
^ = cosine^. 


N s angle of nip, and r = radius of roll « i diameter, then 


There are two values of this angle of nip which are of special interest to 
the ore dresser, namely, when it equals the angle of friction and the rolls do 
no work; and the practical angle of nip, at which rolls will work satisfactorily. 
The angle N becomes the angle of friction when it is of such a value that a 
sphere fed to the rolls will jtist slip upon the points of contact and therefore 
fail to be crushed. 

A study of the rolls in the mills shows angles of nip varying from 8 degrees 
32 minutes to 48 degrees 10 minutes, with an average of about 27 degrees. 

The rolls having the lower values undoubtedly have more favorable angles 
of nip than are necessary. The rolls having the higher values are able to work, 
probably through some favorable condition of the minerals referred to below. 
Between these extremes there must be some standard angle of nip which can 
be referred to as safe for average conditions. Practically, the size fed to the 
first coarse rolls, that is, the rolU fed by the rock breaker, is pretty well settl^ 
by the practice in the mills to be 1| inches (38.1 millimeters) diameter, 
although this may not be theoretically the best size. There arc then left the 
two variables, namely, the diameter of the rolls and the space between them. 

Disregarding the larger values of those rolls which work 
under very favorable conditions, we may assume that the 
angle of nip of rolls 24 inches in diameter, when set i inch 
apart and crushing l^-inch lumps, is the standard maxi¬ 
mum safe angle. Then, by making tables, we can see under 
what conditions the different siaes of rolls can realize this 
angle and to what extent under other conditions they will 
differ from it. This angle is 32 degrees practically (actu¬ 
ally 32 degreed 24 minutes). 

The angle of nip may be studied mathematically as follows: 

Let E (see Fig. 19) be the lump of ore to be crushed. The elementary 
forces acting on E are R and T, which act normally and tangentially to the roll, 
respectively. The force T will be a certain part of R, depending upon the 
coefficient of friction. Assuming the latter to be 0.3,* then T * O.ZR. 

Resolving each force into vertical and horizontal components, we get 

o N 
e — n cosine 

/ ■■ n sine -jr 

a 

c — O.ZR cosine ^ 
d * O.ZR sine ^ 



Fio. 19. 


The forces e and d simply compress the lump, being equal and o^osite to 
the horizontal components of the forces exerted by the other roll. The force 
/ tends to move the lump up, while c tends to force it down. 

The different minerals vary greatly in their coefficient of friction, as fol¬ 
lows: (1) Minerals which are tough and tenacious, as certain combinations of 
pyrite and siderite, require a narrower angle of nip than brittle minerals like 
calcite, barite, and quartz, since with the latter there is a crumbling of small 
' Kent, p. 929, gives atone on iron ea 0.3 to 0.7, 
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r^ftHdcles which "sand the track.” (2) Minerals which^ slippey, w frozen 
S^CTSphite, anthracite, and talc, have a small co^cxent of fnotion and 
St'refore require a narrow angle of nip, while gntty roc^ like sandstone have a 
coefficient and can use a wide angle of nip- (3) When rolls are fed wet, 
A^hArimr sand may increase the coefficient of friction and make a greater angle 
i^f nio txjssible than when the ore is fed dry and there is no adhenng sand. 

Rblatiok or Speed to Angle op Nip.—T heoretically, increase of speed, 
provided the reduction in size is little enough, can be made to almost any 
but. practically, high speed with much reduction will give trouble, 
owing to the refusal of the rolls to nip the lumps. The latter fly back until 
a dangerous amount collects and then the rolls choke. 

This action may be explained as follows: A lump of ore falling under the 
influence of gravity from heighta of 6, 12, 18, and 24 inches will have final 
velocities of 340, 481, 589, and 681 feet per minute, respectively. Now if the 
rolls are revolving at 900 feet per minute peripheral speed, then a certain part 
of the friction must be used to accelerate the lump of ore to this speed before 
it be nipped. This amount will be peater or less according as the periph¬ 
eral speed of the roll exceeds the velocity of the particle by much or little. 
This use of a part of the friction for the purpose of accelerating the particle 
does not in itself prevent the particle from being finally nipped, but merely 
delays the nipping. It is this delay during the time necessary for accelerating 
the particle which prevents the nipping, for, until accelerated to the speed of the 
rolls, the particle is necessarily slipping and this slipping smooths the particle 
to a’certain extent, which causes the coefficient of friction to be reduced and 
thereby prevents the particle from going through. 

•• Closed Circuit Oferation. —Present practice is to operate rolls in closed 
circuit with vibrating screens which fix the maximum size of final product. 
For coarser crushing, rolls are set about 20 to 30 per cent closer than the 
diameter of the hole in the screen and are free fed. For finer crushing by 
choke feeding with rolls set close, the rolls setting bears no definite relation to 
the maximum size of final product. With the latter practice high circulating 
loads up to 500 or 600 Mr cent of new circuit feed are common. 

The Quality of Crushing. —This depends to a lai^e extent upon the 
way the rolls are run. In “choke” crushing the rolls arc kept full of unbroken 
material and crushing is done not only through the contact with the rolls 
but al^ by attrition between the particles. In “free” crushing the rolls are fed 
at such a rate that each entering particle is crushed and ejected before the 
following one is nipped. 

The speed at which “free” crushing begins depends mainly on two things: 
(1) The rate at which the ore is fed to the rolls; for example, the faster it is 
fed, the higher the speed at which “free” crushing begins. (2) The amount 
of reduction in diameter of the grains by one passage through the rolls; for 
example, to do “free” crushing, rolls wjJI have to run faster when crushing 
If^inch lumps to i inch than when crushing the same to i inch with like rate 
of feed. 

Rolls acting under “free” crushing conditions stand preeminently at the 
head of the list of crushers for producing a large proportion of coarser sizes 
with a small proportion of fines. “Free” crushing, when practicable, is the 
more advantageous of the two methods. It cannot he used, however, for 
crushing very fine, because of the impracticability of maintaining space small 
and the surfaces true. For fine work the feed must therefore be increased so 
as to produce “choke” crushing, and even this will not give a high efficiency. 

Crushing with rolls set close and with springs at moderate tension is often 
adopted for crushing a little coarser than the space between the rolls would 
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indicate. The product, however, will be uQcert^, for, if the rolls are fed 
faster the product will be coarser. This method also increases the wear of the 
boxes in the guides. Crushing with moderate reduction tends toward maxi> 
mum coarse grains and nunimum fines, and this seems to be the line which 
deserves most attention. Crxishing with great reduction tends to pulverise 
and to increase the proportion of fines. 

The conditions under which rolls work, therefore, have a powerful effect 
upon the ouality of work penormed. We may have rolls crushing with 

1. Smail reduction or large reduction of sise. 

2. Loose springs or tight springs. 

3. Shims or no shims. 

4. Space or no space. 

5. Favorable or unfavorable angle of nip. 

Gradations on all the five lines affect the percentages of coarse and fine 
grains. 

Table 4 gives a sising-assay test on the product of the coarse rolls at one 
of the large Montana copper concentrators. These rolls receive material 
38.1 to 22.2 millimeters in size and make a comi^ratively small reduction. 
The rolls are 15 by 28 inches and make 190 revolutions per minute. 



Table 5 gives a similar set of figures for the fine rolls at the same mill. 
These rolls receive feed 22.2 to 8 millimeters in size and make a greater reduc¬ 
tion than do the coarse rolls. They are 5 by 28 inches and make 180 revolu¬ 
tions per minute. 
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These two examples should show the quality of the work done by rolls. 
Tn the first case the rolls are making a small reduction, and we note the 
ixtremely low percentages of fine siaes. In the second case the rolls are making 
a /*orLsiderably greater reduction, and we note a corresponding increase m the 
nercenUges of fine sises. More will be said concerning the quality of work 
accomplished by rolls when we come to discuss the laws governing crushing, 

in a later chapter. _ . 

Capacity or Quantity Crushed by Rolls. —The capacity or the quan¬ 
tity crushed by rolls is the number of tons that can be crushed from a given 
siae to pass through a certain sise of hole in a given time, or, as it is wmetimca 
stated the number of cubic feet that can be crushed from a given sise to pass 
through a certain sise hole in a given time. The latter method is more logical, 
as it furnishes the only correct basis for comparison between ores having 
different specific gravities. 


TABLE 5.—SIZING-ASS AY TEST OK PRODUCT OP PINE ROLLS AT MONTANA COPPER 

CONCENTRATOR 


Sii« na. 

P»re««t ot 
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2.25 

9.51 
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9.$S 
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74.41 
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3.15 
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1.6$ 
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70.79 

3.16 

l.$$ 

1 41 

9,17 
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1.1$ 
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1.1$ 

1.00 

0.70 
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2.90 
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00 
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900 ** 

0.17 
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4.90 

SCO ** 
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1.05 
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ToUl . . . 


100.00 




The variation in the capacity of rolls may be more readily understood by 
imagining the rolls as rolling out dough in the form of a rib^n. It is clear 
that changes in speed, width of roll face, and spacing between rolls will make 
correeponding changes in the volume of the ribbon or, in other w'ords, in the 
capacity of the rolls. The rule for computing the theoretical capacity of rolls 
60 ^ 1^5 

is ^^2$ “ where P represents the peripheral speed in inches per minute; 

W represents the width of the roll face in inches; S represents the space between 
the rolls in inches; and C represents the capacity in cubic feet per hour. Ore, 
however, is not a plMtic material like dough but is a mixture of coarse and 
fine particles and voids, which does not weigh so much per unit of volume as 
solid ore nor does it flow so freely. Even with choke crushing, the maximum 
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which could be obtained would be about 60 per cent of a theoretical solid 
ribbon» but in actual practice 30 per cent will be a high figure. Computed 
results to show the gain by choke feeding are shown in Table 6. 


TABLE 6.—COUPARISON BETWEEN PREB AND CHOKE-FED ROLLS 
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•ClKtMcd. 


Graded CRUSHiNa.—In crushing rock by rolls we may either reduce it 
by one passage through rolls set close, making the whole reduction at this one 
time, or the rock may be put through two or more pairs of rolls in series with 
spaces graded to suit the work, the space in the second less than that in the 
first, the third less than the second, and so on, the fine material being sifted out 
between each crushing. The former method is called ^'single-stage crushing 
the latter is called "graded crushing" or "crushing by stages." The ef^ct 
upon the rock crushed is that the greater the number of stages, the less fine 
material to be lost in the concentration and the greater saving of values, also 
the greater the capacity and the economy of power. 

Operating Data and Costs. —A company operating in the Porcupine 
district of northern Ontario reports the following: The ore is a gold ore, con¬ 
sisting of quarts, porphyry, and schistose basalt with 3 to 15 per cent pyrite. 
The crushing plant has a capacity of about 150 tons per hour. 
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CHAPTER IV 
STEAM STAMPS 


Stamps. Their Applicatiohs, Principles, and Clabbipication.— 
Stamps are probably the oldest devices /or fine crushing^ preparatory to con¬ 
centration. Advances in ore-dressing practice have gradu^ly brought about 
the extensive replacement of stamps and their limitation to a few fields in 
which they still may have certain advantages over other crushing equipment. 
Their mam applications are now on native-copper ores and free-milling gold 
ores. 

In Lake Superior copper ores native copper is present in all sizes from large 
ma^s to microscopic particles and, once liberated, is markedly tough and 
resistant to comminution except ^ slow abrasion; hence the use of standard 
crushers or roUs would present difficulties. Steam stamps are used to reduce 
the ore 3 or 4 inches to A l^ch in one step, as large copper nuggets do 
not interfere with st^p operation as they do with other crushing machines. 

On gold ores gravity stamps are still used to some extent in small mills as 
fine crushers and amaJgatnators to take IJ- or 2-inch feed from the breaker and 
reduce it in one step to about 40 mesh or 0.3 millimeter for amalgamation and 
concentration or cyanidation. Large gold mills have eliminated them almost 
entirely for fine work but in some cases employ them as intermediate crushers, 
taking feed up to 2 or 3 inches and reducing it to tube-mill feed size of between 
i and 1 inch. 

In all forms of stamps the crushing is done by the blow struck by a pestle 
or stamp upon the rock which is resting in a mortar. The stamp invariably 
comes down mth accelerated motion, reaching its maximum velocity at the 
moment it stnk« the blow.^ The momentum of the sUmp is then spent in 
crushing the iwk. Water is fed into the mortar in quantities ranging in 
vanous plants, from 3 to 8 tons per ton of ore. The crushed rock is splashed 
against an upnght screen set in the mortar wall, the finer material passing out 
through the screen and the coarser portion being retained in the mortar for 
further crushing. 

Foun^tions, A^l B^cks, Mortar, Screen, and Frame.— The stemp 
shown m Figs. 20<i, 20h, and 2^ rests on a solid concrete foundation averaging 
W feet long, 18 feet wide, and 16 feet deep. The iron anvil block or mortar 
M has a rectangular b^ measunng about 9 by 12 feet which is surmounted 
by a cyhndnoal ^dy 7 feet m outside diameter. The whole mortar bed 
weighs 80 tons and rests directly upon the foundation. 

- ^ cu^shaped casting 7 feet in outside diameter and 2i 

cy indnc^, 54 inches in diameter, and is held betweS 
the mortar and the top plate. The stamped stuff discharges through the 
screen and inW the circular trough which is cast in the mortar The frame of 
^independent of the anvil block and consists of four heavy round 

columns are bolted to the sills, and the 
^ ^gether by the casting, which also supports the steam 

Around^th^ H?/• ^ truncated 

^ serves to fill the space and to 

the stav«. The staves take up the side wear on the mortar M 
weanng parts, including the shoe, are made of fine chilled cast iron 
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Shob, Stamp Seiapt, akd Drivtno Mbcbanibm. —The shoe is dovetailed to 
the foot of the stamp stem or shaft and is a cylindrical disk from which two 
opposite segments have been removed, making the shoe 13 Inches long and 
8 inches wide. 

The vertical stamp shaft is ve^ heavy, both to ^ve weight to the blow and 
to withstand the strain of operation. It is usually about 8 inches in diameter. 
Attached to the shaft is a pulley dnven by the mill engine, so that the stamp 
makes one complete revolution in every four blows. 



In single^yUnder stamps the cyUnder is generally 20 inches in diameter 
with a 24’inch stroke. It is fitted with Corliss valves operated from eccentrics 
on a horisontal shah which is driven from an outside source of power, and 
every effort is made to reduce steam consumption. In order to show the valve 
setting at alt times, a brass dial, representing a cross section of the valve seat 
and port, is fastened on the end of the valve bonnet. Inside this dial is a 
second dial representing a cros.s section of the valve, the inner dial being carried 
by the valve stem. The relative portion of the dials shows the valve position 
at all times. 

Since these machines have no crank and connecting rod to stop the morion 
at the two ends of the stroke, other means must be emplo 3 red to prevent break- 
age. The arrangement takes the form of a bonnet on the flange at the upper 
end of the stamp shaft. In this bonnet the flange on the piston plays between 
rubber cushions above and below. The lower portion oi the steam cylinder 
may be counterbored to about 0.32 inch larger diameter. Still others aj^ 
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provided with dashpots. A steam cushion Is also largely relied upon to stop 
stamp ai both ends of the stroke. 

Floors, Bins, and Feeding Arrangements. —There are usually four 
floors for operating these stamps, that is, the stamp passes up through four 
floors of the mill. Upon the upper floor access may to had to the cylinder and 
valve mechanisms; the third floor is for the dash pot or bonnet; the second is 
the feeing floor for water and rock, also for the guides and rotating pulley; 
and the first or lower floor is for tending the screens and conveying launders. 



PiQ. iri*w tad Mctioa o( laorUr. 


To the rear of the stamp u placed a bin, which at Lake Superior holds rock 
sufficjent for 14 hours' feeding. It is supplied from a track above, and the 
bottom slop^ three ways toward the discharge gate. 

A chute is provided to convey the rock from the gate to the stamp. This 
chute slopes at such an angle that the ore will either just slide or just not slide. 
The nwn who fwds the stamp simply allow*s the ore to slide down this chute 
into the top of the mortar as the stamp needs it, or pushes it forward w'ith little 
exertion- The chute also gives opportunity for picking out high^ade ore for 
<hrect smelting and the removal of chips, bits of rope, etc., which would be 
likely to clog the screens and interfere in other ways. 

An indicator bell is struck by the flange of the stamp stem when the rock 
gets to Its low limit and it is time to feed more. This indicator is kept at the 
same height throughout the life of a shoe and die. 

Water Used and Capacities. —Steam stamps ^ve a i.reater splash than 
because they are wider, heavier, and swiftar and they are 
lifted above the level of the water at every stroke. The heiAt of dischanie is 
as important here as in the gravity stamp. 

^ required per ton of ore. An increase in the 
quantity of water may increase momentarily the capacity of the stamp, but 
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it ifi likely to embarrasa the concentrating machines in the mill below. Feed 
water, formerly piped into the top of the mortar, now comes in through the 
nugget discharges. 

The capacity of steam stamps will vary according as th^ are crushing 
soft am^daloid rock or hard conglomerate. The variation is between 400 
tons per 24 hours on conglomerate through ‘^inch screen to 500 or 700 tons 
on amygdaloid. These amygdaloid capacities are obtained with a |-inch 
screen. Formerly, '^inch screens were used, and the capacities were consider* 
ably lower. Conglomerate requires finer crushing than amygdaloid. A 
steam stamp requires from 200 to 300 horsepower. 

Discbarqe op Copper Nuooets. —For discharging nu^et copper too 
coarse to pass through the screen, the Krause mortar discharge and Calumet 
mortar-jig discharge are employed. With the former, two units are placed 
in a mortar. Each unit consists of a 4-inch pipe entering the side of the mor¬ 
tar 12 inches above the die. The pipe slopes at 45 degrees and through it the 
water used for stamping forms an ascending current controllable by a valve. 
Copper nuggets splashed into the open end of the pipe may settle against the 
rising current into a pocket, but rock fragments are not heavy enough to 
settle. The nuggets are drawn off from the |>oeket at frequent intervals. The 
mortar jig has in the mortar casting four jig boxes 4 by 12 by 6 inches deep, 
two on each side of the mortar. The jig screens have 1-inch openings, and the 
top of the jig box is about 15 inches above the die. The four plungers are 
outside the mortar, and the jigs deliver copper nuggets in the discharge and 
butch in exactly the same way as in an ordinary jig. 

Uses for Which Steam Stamps Are Apaptbo, ano Quality of Their 
Work. —These machines are the most powerful crushers known. For rock 
canying native copper, they seem indispensable, even though they ma^ slime 
a great deal of copper. For crushing brittle ores preparatory to jigging, 
engineers are gener^y of the opinion that they slime the ore too much. They 
have not proved successful for stamping gold ores. They have been tried in 
the Black Hills and given up. However, tne Tremain steam stamp, weighing 
only about 300 pounds, has occasional isolated application. 

Table 7 gives a si sing test showing the quuty of work done by steam 
stamps when crushing through a |-inch (0.62S^inch) round hole. This test is 
not altogether satisfactory, as the exact rise of screen opening is not given, 
but it is the l^st test that the author has been able to obtrin showing recent 
practice. The capacity of the stamp in this case was 653 tons per 24 hours. 


TABLE 7.—SIZING TEST OF PULP FROM STEAM STAMP 
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TABLE 8.—COMPARATIVE TEST ON SINGLE- AND COMPOVNO-CYLINDER STAMPS 
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Stbbplb-coiipound Stamps. —Stamps operating on the 8teeple-cony)ound 
(tandem) principle are the latest form of stamp and represent an effort to 
increase duty and efficiency in stamps. The low-pressure cylinder^ which 
ia placed above the high-pressure, receives steam only on the downstroke, 
the lower end being connected continuously with a partial vacuum. The 
steam pressure is 150 pounds per square inch, the striking weight 7480 ^unds, 
and alwut 100 blows per minute. Comparative results on amygdaloid rock 
are shown in Table 8. 

An efficient indicator is absolutely necessary on a steam stamp in order 
that its efficiency may be determined and the valves properly adjusted. For 
this purpose an indicator is used very much like the original Watt design. 



CHAPTER V 

GRAVITY STAMPS AKD AMALGAMATION 


Principle of Action. —Gravity stamps are lifted by cams and drop by 
their own weight. The most highly developed mill of this class is called the 
California stamp mill* ’ (see Figs. 21, 22a, and 226). This stamp mill consists 
of a mortar standing upon a concrete mortar block. The stamps are lifted 



by cams keyed to a camshaft and drop in the mortar. A strong frame sup¬ 
ports tL? cam-shaft and driving gear. A single mortar has from one to six 
stamps dropping in it. Five is almost universal in this country. One mortar 
with the accompanying stamps, cams, frames, etc., is called a “stamp battery.* * 
The stamp mill is an efficient and very simple grinder and with intelligent 
adjustment can bo made to do a wide range of work. In general we find it 
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used (I) fls a single stage crusher in preparing ore for amalgamation and (2) 
as an intermediate crusher, usually following gyratory or Blake breakers and 
preceding ball or tube mills. 



Fla. 226 .—Front tlovftUon of eUap mill. 


Dry stamping is now obsolete. The water is fed from pipes which usually 
discharge into the top of the mortar. The ore is fed into the opening at the 
rear of the mortar. # j • 

Battery ForNDATioNe are usually built of concrete. The foundation 
is subject to terrific strain and vibration, and it is essential that it be properly 
designed and constructed or it will soon shake itself to pieces. A wooden 
foundation may be in some small installations, but it is not nearly so 
good as concrete. 

JgggpB Kashmt' UnlversAT UtoVMlL 
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be«n dexnoxkstrated also in connecUon with the use of concrete mortar blocks 
that the more solid the foundation the greater will be the capacity, without 
causing increased breakage. A concrete mortar block of recent desi^ U 
shown in Fig. 23. Except for an intervening strip of pure pim rubber -J inch 
thick, the mortar rests directly on the concrete. This gives an absolutely 
even bearing, reduces jar to a minimum, and prevents dirt from working under¬ 
neath the mortar and destroying its level. Holding-down bolts are set in 
the mortar block to secure the mortar in place. Pipes are usually cast into 
the mortar block for these bolts, and even bearing is obtained by nuts and 
w'ashers. In ot^er to tighten these nuts, a recess is cut in the front and back 
of the mortar block, or they may be tightened from a tunnel running through 
the mortar block (Fig- 24). 

The STAUP FRAUXS serve to support the camshaft and guide the stamps. 
They may be ms^e either of wood or of metal, but the former is more com¬ 
mon. At the North Star Mine, 
Grass Valley, California, heavy 
stamps are us^ and cast-iron battery 
posts have been developed which 
have proved very satisfactory. 
Several t^es of battery frames are 
in use. The back-knee or single- 
l>ost frame is shown in Fi|. 25. ft is 
connected with the ore bin and pos¬ 
sesses the advantage of affording an 


or 


I i^v! ! * 
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Fio. 26.—Plain ivoodtn 


easy access to the front of the mortar as well as an unobstnicted view of all 
the plates in the mill. The only disadvantage b that the line shaft must rest 
on the sills and is there exposed to accumulated mud and splash from the 
mortars- An ordinary guide for stamps, shown in Fig. 26, is made of two planks 
bolted together, Platforms are built from which to lubricate the camshaft or 

make repairs. , . . ..... 

Mortars are boxes of cast iron or of wood and cast iron, m which the 
operation of stamping takes place. They have the following functions: (1) 
to receive the ore from the feeder; (2) to ^ace it under the stamp; (3) to give 
the stamps freedom to strike their blows; (4) to dbchai^e the water and pul¬ 
verised ore or pulp, and often to amalgamate gold. Figure 22a shows a 
mortar in section. A mortar should be narrow, as the object b to get the ore 
out of the battery as fast as it b crushed. The back should be curved from the 
throat, or so shaped as to throw the ore directly upon the center of the die. 
In general we may say that a narrow, somewhat deep mortar is the best for 
obtaining rapid stamping and good battery amalgamation. 

The mortar proper b made of cast iron. The best material to withstand 
the continual vibration is a tough, uniformly fine-grained gray iron. The 
bottom should be planed to give it a true bearing on the mortar block. The 
weight of the mortar should be proportional to the weight of the stamp. For 
stamps weighing from 750 to 1000 pounds, the mortar b usually made from 
6 to 6 75 times as heavy as the stamps. The heavier the stamp, the heavier the 
mortar must be made to withstand the constant vibration to which it is sub¬ 
jected. The space behind or in front of the shoe must be larger than the 
maximum size of ore fed, to prevent the stamp from becoming wedged agmnst 

The mortar b lined on front, back, and rides with replaceable plates of 
chilled iron. Planks 2 to 3 inches thick are used to cover the open top of the 
mortar. A lip apron in the shape of a cast-iron extension of the lip, either 
bolted to, or cast directly on, the mortair, b provided to convey the crushed 
pulp from the screen to the amalgamating plates below. 
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ScRBEi^ are provided in the front or in both the front and the back of the 
mortar.^ The former is called “si^le issue" and the latter “double issue." 
Xhe majority of the mills the aingle-bsue mortar. The screen of punched 
■^lat© or woven-wire cloth is mounted in a wooden frame held in place by 
wooden wedges. screens are made of sheet iron, tin plate, steel plate, tin 

brourc» or phosphor bronze. ^ The holes may be either round or slotted. They 
may be staggwed, arranged in parallel rows, or in rows making 60 degrees or 
45 degrees with each other. ^ It is important in using plate screens to place the 
screen with the buhr on the inside. Wire-cloth screens are made of brass, steel, 
or ph<»phor bronae. A list of screen sizes is shown in Tables 9 and 10. Double 
crimping prevents spreading of the wires. The most important point is 
that wire^loth screens have a larger percentage of opening than the plate 
screens. They also have approximately square holes, and therefore discharge 
slightly larger grains than the round-punched hole. Plate screens, however, 
avoid the tendency of spreading, shown in wire screens, and have a much 
longer life. The choice of screens will depend upon the presence or absence of 
acid water, the character of the ore, and the fineness of the crushing. In 
general, however, the mill man must aim to attain the following* (1) high 
capacity, (2) high percentage of extraction of free gold on the plates, (3) high 
percentage of extraction of sulphides in succeeding machines, (4) low cost of 
operation. 


TABLE 9.—TYLSR DOUBLE^CRIUPEO IRON BATTERY CLOTH 
Abbf*yUli«»*.-.W. AH. - Wubbyra A Mo«« 
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of I to .. , - 

Wtp«. Holfl Ratio of Wiro Tero«Btoc« of 
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0.041 

0.09S 

O.OiS 

0.029 

0.023 

0.020 

0.010 

0.017 

0.017 

0.016 

0.014 

0.0130 

0.011 

0.010 
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O.OOS0 
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0.0206 
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0.030 
0.076 
0.777 
0.636 
0.640 
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0.H6 
0.470 
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1.174 
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26.00 

20.01 

30.47 
30.84 
23.16 
31.90 
32.27 
31.13 

27.47 
27.03 
20.00 
21.10 

30.40 
35.00 
22.70 

10.40 
16.42 
10.36 


TABLE 10.—TYLER DOtTBLE-CRlMPED BRASS BATTERY CLOTH 
AbbnvMtiM*.—O. E. • Old EoglUb 
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0.0160 
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0.000 
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0.00670 
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0.0610 
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0.0060 
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A shield b suspended in front of the screen to prevent splashing from the 
mortar. This shield may be made of wood but is usually made of canvas. 

The height of discharge, which is the vertical distance from the top of the 
die to the bottom of the screen, may be regulated by a chuck block, a piece of 
plank which may be inserted under the screen frame either to lower or to raise 
it as the work may warrant. 

Designation of the Sixes op Holes in Stamp Screens. —For plate 
screens there are four methods, as follows: 

1. By giving the actual sise of the holes in decimab of an inch or in milli¬ 
meters. This method b to be preferred, because it tells the millmen the sise of 
grain the screen will pass. 

2. By numbering the screens according to the diameters of sewing needles 
to which the holes purport to correspond. This b indefinite, because the needle 
sizes of one firm differ from those of another. In a slotted screen, the width 
of the hole is the dimension which designates the size of the hole. 

3. By the meshes of sieves which purport to correspond to the sizes of the 
holes. Thb method b misleading and should be abandoned, since sieves with 
the seme mesh but with different diameters of wire have different diameters 
of hole (see (1) under designation of cloth screens below). This method b all 
the more confusing, since some manufacturers use the term ‘'mesh” to express 
the fractional size of the bole. Thus 40 mesh b used to mean a hole ^ inch in 
diameter. 

4. By various trade numbers. For example, screens made in Central 
City, Colorado, are labeled 0,1, If, etc., the size being about equivalent to 
50-mesh brass screen. In the same way tin screens are sold under three 
numbers, Nos. 0, I, 2. Samples of these measured by the author gave the 
diameter of the boles as 0.026 inch (0.65S millimeter), 0.032 inch (0.814 milli¬ 
meter), and 0.040 inch (1.018 millimeters), respectively, and there were 20, 18, 
and 15 holes per linear inch laid out in 90-degree rows. The plate was 0.016 
inch thick in all three cases. 

The designation of sizes for cloth screens b made in three ways: 

1. By the number of boles to the linear inch. Thb, if the size of wire is 
nven in decimab of an inch, defines the actual ^ze of hole; otherwise it b mb- 
leading. Another objection b that in many cases an actual count of the holes 
per linear inch will give a different number from that designated. 

2. The method commonly adopted abroad designates the number of 
holes in a square centimeter. Thb is more unsatbfactory than the use of the 
number of meshes to the linear centimeter: (a) because one must extract the 
square root in order to get the number of holes per linear centimeter; (h) 
because, after obtaining the number of holes to a linear centimeter, one does 
not then know the diameter of the hole. 

3. In South Africa the number of holes per square inch b given. Thb 
method b open to the same objections as (2). 

In conclusion, there seem to be three facts that are all important for the 
ore dresser to know in deciding upon the kind of screen to use: (1) the exact 
diameter of the hole, controlling the size of his pulp; (2) the percentage of 
opening, showing the freedom of discharge and the strength of the screen; (3) 
the thickness of the plate or wire, indicating the strength of the screen. 

The c a MSB apt is generally long enough for two batteries with an overhang 
for one pulley. Such a camshaft for 10 cams b shown in Fig. 27. It may be 
made of wrought iron, steel, or one of the special alloy steels. It has a continu¬ 
ous slot for attaching the cams by means of special ke3^. It is subject to heavy 
strain and vibration and must be made extremely strong. Diameters varying 
from 4^ to 6 inches are found. The advantage of the single camshaft for two 
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batteries is that it reduces the e^^nse for belts and pulle}^, and, in case one 
battery is hung up for repairs, the other may be operated. On the other hand, 
break^e of the camshaft ties up two batteries. Collars attached by setscrews 
are used to guide the camshaft. For two batteries three bearing are used, 
which may be babbitted but are usually made of soft graphitic iron for the 
following reasons: (1) there is no babbitt to crack; (2) the alignment of the 
shaft is more constant, the wear more even, and no dela>^ from babbitting 
the boxes every 4 to 6 months; (3) steel running on cast iron requires only 
moderate lubrication. The boxes may he covered with a cap, but this is not 
usually necessary, except to keep out dust or dirt. The vertical component 
of the thrust is sufficient to hold the shaft in the boxes. Drip pans are provided 
to prevent oil from getting to the plates. 


■ui»k S04 
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Fio. 27.^^4m« eika*b4ft for ten-vUmp battorx. 

The camshaft is generally driven by a belt and pulley. A belt tightener 
of the type shown in rig. 22o is necessary for starting and stopping the battery 
as well as taking up slack in the belt. 

Cams (see Figs. 28o and 286).—These serve to lift and rotate the stamps. 
They consist of one or more (generally two) arms cast on hubs, which are 
held to the shaft usually by keys. The lifting surfaces of the arms are made 
y)iral to suit the conditions of lifting. They are backed by strengthening ribs. 
Ibe double-armed cam gives less journal friction than the single-armed, 
because it revolves half as /«t. Sectional cams made with split hubs bolted 
together can be changed without stripping the whole 
shaft, but unless watched they are liable to work loose 
and are therefore not favored. 

When cast iron is used for cams, a closfr.grained 
strong grade of metal is chosen, and the bearing or lift- \ 
mg surfaces are chilled- The natural life of these steel 
cams 18 mdefimtely long unless the mill is very dusty. I TJi' 

when they gradually wear down. They generally go by j | W 

some accident, as a stamp dropping on the cam. They ■ 

P sometimes the tip breaks off. 

They are keyed to the shaft by one or two keys. It is pxg n ^at, 

^stomarytohaveonellongkeyseatiDtheshartforeach lid. 

of the two battenes and cut seats m the cam to give the of 

tlie stamp stem. 

whi^ the form of an involute of a circle, the radius of 

wnicQ IS equal to^e distance between the stamp stem and the camshaft 


/ S 


Fio. 28o. Flo. 28S. 
Sid« vi«w F><int vi«w. 
of caDi. 




46 


TEXTBOOK Of ORB DRESSING 



It IS essentiftl th&t the distance between the centers of the camshaft and 
the stamp stem should exactly equal the radius of the inscribing circle; other' 

wise the cam will not strike fair against 
the face of the tappet, and there will be 
r " I n increased jar, noise, and breakage. In 

I practice there is a dividing ^int at 

about 7-inch drop. Above this point 
I the diameter of the inscribing circle 

I i—f is increased to suit the height and speed 

I LJ of drop, to do which, as the drop 

j increases, the clearance can be increased 

1 ! iDI by anv desired amount. Below his 
‘ ' ] point the works use an inscribing circle, 

^ * the diameter of which is nearly constant 

J for all the lesser drops; the figures given 

are from Ui to 9 inches. 

In designing cams it is common to 
give them a litUe larger inscribing circle, 
and therefore a little longer curve than 
that intended to be used, so that a slight 
increase of drop can be had if desired, 
while, on the other hand, a decrease of 
drop can be obtained as an expedient by 
raising the tappet and thus using only a 
part of the cam curve. 

On the laat 2 to 4 inches at the point 
of the cam, the curve becomes sharper, 
departing from the involute ana 
approaemng the arc of a circle, as shown 
in Fig. 29, thereby much lessening the 
pressure of the cam upon the tappet. 
The cam is cut away on the delivery side 
¥i<j. curr». ^ manner that the tappet will 

leave the cam from an arc of contact between 1 and 2 inches in length, instead 
of from a point of contact. These two provisions arc planned to save both the 
tappet and the cam from cutting ana breaking at the moment of parting 
fon^any. 

The face of the cam is li to 3 inches wide and is much thicker near the hub 
than at the point. It is backed by a web about H inches thick, which gives 
the requisite support. This web for the California stamp is 3 
inches wide at the point and widens to 9 inches at the bub. 

Arthur B. Foote, of the North Star mine, has developed a 
new tvne of cam w'hich lifts the stamp with a uniformly acceler- 
ated motion. By this means, with a fif-inch drop, he has i ^ , a 

been able to increase the speed from 100 to 108 drops per \ ^^1 

minute, increasing the tonnage about 8 per cent without an 
increase in breakage of cams, shafts, and stems. There b a * cim. 
slight increase in the wear on the cam and tappet surface. 

Figure 30 shows a form of self-tightening cam which b finding an extended 
use in thb country. The cam has an eccentric groove (1) within the hub and 
occupying only a portion of the width of the same. The wedge key, which fits 
withm the groove of the cam hub, b provided with a slot or recess (2) on its 
concave side which enables the studs (3) on the camshaft to engage it and hold 
it in position- The slot (4) in the cam hub allows the cam to slip over the 
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studs on the camshAft. By reason of the positions of the studs on the cam** 
shaft the cams are interchangeabJe; that is, each of the senes of cams take 
any one of the angular positions as determined by the position of the studs. 
The cams are loosened by striking them in a direction opposite to the load. 
They do not loosen under load as do the ordinary types of cams. There are 
numerous other types of self-tightening cams. 



Fio. 34. 
Stamp 
■t«m. 



Fio. SI. Flo. 32. Fio. S3.—thruat. 

The rotation of stamp is accomplished by the friction of the tappet 
on the cam and tends to even up the wear on the shoe and die. The 
contact surfaces of the cam and tappet are lubricated to decrease wear 
and to keep the stamp from rotating too fast. For this purpose axle 
grease or other hard lubricant is used. 

A right-band cam (see Fig. 31) is one which is to the right of the 
stem when the top of it is moving from the observer; the hub also is 
to the right of tne cam. A left-hand cam (see Fig. 32) is just the 
opposite. 

The tappet tends to push the cam away from the stamp stem 
during the lifting action (see Fig. 33). If the 6ve cams for one mortar 
are all right hand, while the five for the other are all left hand, the two 
thrusts are counterbalanced and the thrust on the collars is reduced 
to a minimum. 

The stamp proper consists of a stem, a tappet, a boss head, end 
a shoe, striking on the die in the mortar. 



Fio. 83.—Soctioo of Fio. 36.—Soction of Fio. 87.—SUvoa of 

'•PPet- bou. Bbo« abo&k. 


stamp Ftem is shown in Fig, 34. It consists of a solid wrought-iron or 
steel rod with a slight taper at each end. 

The tappet se^es to transmit the Ufting power of the cam to the sUmp 
One IS shown m Fig. 35. '^e gib tappet is attached to the stem A by a gib B 
and two or three keys K. The keys are made of steel, are wedge-sbapedT and 
force the gib against the stem with sufficient force to lock the tappet at the 
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desired height. The ends of the Uppete are eoimterbored to prevent the 
tappet from wearing conically. 

The boss or head, shown in F^. 36, serves to connect the shoe to the stem 
and gives added weight to the blow. It is cylindrical, of the same diameter 
as the shoe, and of varying lengths, depending upon the weight desired. It 
has a socket below, to suit the shank of the shoe, and one above for the taper of 
the stem. The shoe is attached to the boss heui by means of a set of wooden 
staves, as shown in Fig. 37, The boss is forced down over these, firmly wedg¬ 
ing the shoe into place. 

The shoe consists of a cylinder or butt surmounted by a truncated cone 
or shank. The diameter varies from Z to ^ inches. Chilled iron or forged 
steel is commonly used. 

Dies are the wearing parts upon which the ore is crushed. They are 
cylindrical and are held in place either by lugs which fit under flanges cast into 
the mortar, or more commonly by having foot plates which practically fill the 
bottom of the mortar and line up the dies. 

Hardness, toughness, and uniformity of structure are the desirable qualities 
in shoes and dies. They are usually made of some alloy steel and have a life of 
from 300 to 400 tons of ore. The shoes wear from 1.2 to 1,8 times as fast as 
the dies. The reason probably is that, in transmitting the force of the blow 
from the shoe to the die through the rock, energy is absorbed in fracturing the 
rock and so, to a certain extent, the blow is cushioned. This action U empha¬ 
sised by the fact that the die is usually protected with a layer of rock slightly 
thicker than that for maximum capacity, in order to prevent the dies from 
breaking. 

Feeders.— From the bins the ore comes by chutes to the automatic feeders 
(see Fig- 22o). Usually the fall of one of the stamps feeds the battery, The 
thickneas of the layer of ore upon the die determines the lowest position the 
stamp can take. When the layer is too thin, either the tappet, or a collar on 
the main stamp stem, strikes a buffer which feeds the ore. The position 
of this buffer can be graduated by a hand screw. 

Finger Bam, Cam Stickb, and Overhead Crab.— Finger bars are used 
for hanging up the stamps (see Fig. 22a). These bars are props that are 
pivoted upon a jackshaft resting in brackets bolted to the posts and can be 
swung under the tappets to support them on the sides opposite the cams. 
The five stand upon one jackshaft, which must be strong enough to hold up five 
stamps together. The jackshafts are 3 inches in diameter and long enough 
to reach between the posts. The finger bars are shod on the end to prevent 
wear and are provided with handles. The stamp is lifted above its usual 
height by placing a skid or cam stick upon the cam, and, at the instant the 
stamp reaches the top of this lift, the finger bar is swung under, thus support¬ 
ing the stamp at a point higher than that reached by the cam. The overhead 
crab serves to lift out the stamps for repair. 

The cam stick is either a square stick of wood, greased on the underside 
and shod on the top side with rubber or leather to prevent slipping on the 
tappet, or it is sometimes made of strips of belting riveted together. 

The Nissen STAMP.—Tbe Nissen stamp is of the individual-mortar type, 
with a circular screen surface. It is primarily a circular mortar containing a 
single gravity stamp. The stamps are driven from one cam^aft in units of 
five or ten by the usual cam-and-tappet method. There are no comers in 
which the ore can accumulate, and all the ore fed into the mortar comes 
directly upon the die. The circular screen gives the ore a better chance to 
pass through, increases capacity, and reduces sliming. Each stamp can be 
hung up and the mortar cleaned separately. 
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Running oj* Stamps 

There are various conditions and adjustments which affect the work of 
stamps as crushing and amcdgamating devices. These will now be considered. 

Water Used. —Water is fed into the battery to discharge the crushed 
product. The quantity of water will vary with the character of the ore and 
with the treatment which is to foUow. The greater the quantity of water the 
more rapid wiU be the stamping and the less the sliming, because the crushed 
particles will be removed by ^e water as soon as they are small enough to 
pass the screen. With a small amount of water the crushing is seriously 
hindered by the fine ore which has not been removed. The amount of water 
varies greatly in different mills. An average of a number of mills is 6.68 tons 
of water per ton of ore, 

SiSE AND Character op Feed. —The running of the stamp is naturally 
determined by the fineness of the feed and the nature and character of the 
ore. The harder and tougher the ore the slower will be the crushing; the softer 
and more friable the more rapid; while very soft, clayey ores may impede 
crushing. The smaller the lump the more rapid will be the stamping, until it 
is so fine as to be unstable upon the die. A layer of rock one grain deep is the 
most efficient arrangement, for, if it is several grains deep, the rock constitutes 
a yielding mass which exercises a cushioning effect on the blow. In practice, 
however, there is a minimum (about 1 inch), below which the safety of the die 
would be imperiled. The operator judges the condition of the mortar by feel¬ 
ing of the stamp stem or by the sound of the blow. 

Mbtbod or Feeding. —Whether feeding is done by hand or by automatic 
feeder, it is the most imi»rtant element in determining the capacity of the 
mill. If the layer of rock is too thin, the stamp will have a decided ret^und; if 
too thick, the stamp will strike a dull, sinking blow; if right, the stamp will 
strike a sharp, hard blow with barely an indication of a rebound. 

Mercury Fed. —Mercury is usually fed into the mortar, but no rule can 
be laid down for the freouency of the charging or the amount of the charge. 
The only safe guide is the appearance of the outside plates. The quantity 
required varies fwm 1 to 6 ounces of quicksilver per ounce of gold. The 
majority of the mills appear to use about ounces per ounce of gold. In the 
more recent practice of coarser crushing by stamps no mercury is fed. 

The AREA or discharge Is the total area of opening through which the 
water actually issues. Double discharge would seem logically to be advisable 
where high speed of crushing is sought. It has, however, not found favor in 
most mills for the following reasons: (1) It requires more water per ton of ore 
stamped, while the capacity is only slightly increased; (2) it gives less time for 
battery amalgamation; (3) mortars must be wider and the splash or swash 
acts violently on the screen; (4) the rear screen is awkwardly situated for 
changing and in consequence is liable to be neglected. 

Eizz OF Screen Holes and Percentage or Opening.— The size of the 
holes m the screens varies between wide bmits. Other things being equal the 
largCT the holes in the screen the greater will be the capacity of the stamps and 
the )SM will be the slime. On the other hand, the size of the hole should be 
each that crushing to that size will liberate the fine free mineral. 

The larger the percentage of opening, that is, the amount of total screen 
bolM per unit of screen area, the easier will the pulp discharge and the higher 
will be the capacity of the at-amp. ^ 

Order op Drop. —This is the mc^t efficient means 
evenly upon the dies. The blow of the stamp upon tht 


of dbtributing the rock 
i die should be arranged 
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to throw ore upon the adjacent dies to feed the next following stamps. The 
wave motion and the lengthwise swash must be evenly balanced to prevent the 
heaping up of the ore at one end of the mortar, leaving the die at the other end 
bare, thereby decreasing the capacity. 

Two principles for governing the order of drop have been ^ven by the 
authorities: (1) Two adjacent stamps should never fall in succession; (2) 
when any stamp is striking, its neighbors should be rising. We may define 
the orders by considering that the observer is standing behind the battery and 
facing it, then calling the stamps 1, 2, 3, 4, 5, numbered from the left end of 
the battery toward the right, the order No. 1 is 1, 3, 5, 2, 4, by which is meant 
that No. 1, or left-hand stamp, drops first; No. 3, or middle siamp^ second' 
No. 5, or right-hand stamp, third; and so on, or, numbered backward, that is* 
from right to left, 1, 4, 2, 5, 3. This order satisfies both the above principles! 
The order No. 2, is 1, 5, 2, 4, 3, or, numbered backward, 1, 4, 2, 3, 5, and does 
not quite fulfill either principle, but it theoretically follows the principles more 
than any other except No. 1. On the other hand, No. 2 seems to give a more 
symmetrical treatment of the whole battery than No. 1. 

The orders most frequently adopted in California are 1, 5, 2, 4, 3: 1. 3 5 
2, 4; 1, 4, 2, 3, 5; and 1, 4, 2, 5. 3. ' 

HeiGRT OF DiacKAROE.—By height of discharge is meant the height of the 
top of the chuck block or of the lower bar of the screen frame above the suriace 
of the die. As the die wears, the height of discharge increases and affects both 
the Quantity crushed and the quality of the crushed pulp. Low discharge U 
rapid and gives greater capacity with a corresponding absence of slime. High 
discharge is slow and gives a greater proportion of slime. 

The height of the water in a battery is governed by the height of discharge 
and is usu^ly from 2 to 6 inches above the top of the chuck block, although 
the splash may rise as high as 16 inches on the screen. It thus follows that the 
stamps may or may not rise above the water at every stroke. In speaking of 
this fact the author will use the words ‘'splash” and “swash.” The splash 
is the effect produced when the stamp is lifted out of the water. Swash is the 
effect produced when it is not. The former causes a much more violent 
cutting action of sand and w'ater upon the plates, screens, mortar sides, etc., 
than the latter. This is particularly true with a low' discharge. 

Number of Drops and Height of Drop. —As a general principle, the 
greater the number of drops |>er minute of a given stamp, the greater the 
quantity of ore crushed; also the higher the drop, the greater the capacity. 
These two principles, however, conflict. If many drops are sought, the height 
of drop must be small, else the falling tappet will strike the rising cam. The 
number of drop.s varies from 110 to 80 per minute, respectively, for 5- to 9- 
inch drop. Besides the limits due to the mechanism, there is an upper and 
lower limit due to conditions in the mortar. If the drop is too low, tie die 
may not be covered with ore preparatory to the next stroke. If too high, an 
unreasonable w*ear on the dies w*ill take place. A rapid drop has an indirect 
effect of increasing capacity by creating a more violent swash, which tends to 
clear the mortar of fine material. 

Weight of Stamp and Energy of Blow. —Cioseiy connected with the 
height of drop and number of drops per minute is the weight of the stamp. 
As a general rule, we may say that the crushing capacity of a single blow 
increases almost directly as the weight of the stamp when speed, height, etc., 
remain unchanged. 

The effectiveness of the blow may be stated for comparison in two ways: 
(1) as pounds weight of stamp per square inch of die and (2) as foot-pounds 
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«rtiia.rp inch in which the element of height is included. The se^nd 
mpfhod which is by far the better, is obt^ned by multiplying the weight of 
Jh! sSiiD ^ wunS, " by the drop in inches, A, and dividing the product by 
12 times the of the shoe in square inches, a, which is sUted by the fraction 

This value is equal to where p is the velocity in feet per second 

which the stamp would acquire if it fell freely in a vacuum. The s^p never 
Quite delivers the energy indicated, because the velocity falls a little short 
of the theoretical, on account of the friction of the guides and water. 

The stamps vary in weight from 500 to 2250 pounds. The v^t majority 
of mills, however, use stamps of from 1000 to 1500 poun^fc. The difficulty 
with the heavier stamp lies in the fact that the frame must be built extremely 
strong to resist vibration, and the expense increases out of proportion to the 
increied duty of the stamp. On the other hand, extremely light stamps do 
little work unless given a high drop, and, if given a high drop, the drops per 
minute must be reduced to prevent the rising cam from striking the falling 

^^^Table 11 shows a number of instances of modem stamp-mill practice. 
Some mills in South Africa have used 2200-pound Nissen sUmps and f*inch 
screens, with corresponding increase in capacity. 


TABLE 11.—MODERN STAMP-MILL PRACTICE 
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Power. —The power required for stamping will vary with the weight of 
the stamp, the height and frequency of the drops, and the friction of the 
moving parts. The following formula may be of advantage, 1.27 being an 
average factor for friction. 


Horsepower s 


TF X D X/* X 1.27 
33,000 ’ 


where W « weight of stamp in pounds. 

D s drop in feet. 

F ^ drops per minute. 

Opbbatino Data ato Costs. —A gold mine operating on the Mother Lode 
m California reports the following data on stamping. The gold and silver 
are associated with pyrite, galena, and sphalerite in a quarts gangue. 
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Aualoauatiok Afl Applied to Gravity Stamps 

Aualoamatiok. —The properties o/ mercury which enable it to form alloys 
with gold and silver are made use of in milling for the extraction of those 
metals from their ores. 

PROPEHTifis or Mercury. —Mercury freezes at 39 degrees below sero 
Fahrenheit. It vaporizes to a very slight extent at ordinary temperatures 
more rapidly at 100 degrees Fahrenheit, and at 212 degrees Fahrenheit suffil 
ciently to salivate an incautious workman. Its capillarity is negative exceot 
to those metals with which it easily amalgamates. To these, when thdr 
surfaces and that of the mercury are clean, it is positive, that is, it wets them 
It is not affected when pure, by air, but, when impure, oxidation of the metals* 
forming impurities, takes place on the surface, and the oxides formed are 
absorbed by the mercury. Mercury and all lU salts are violent poisons 
Raw white of egg and potassium iodide are the best antidotes. Strong nitric 
and sulphuric acids attack mercury; hydrochloric acid, dilute sulphuric or 
pure dilute nitric acid atUck it little or not at all; dilute nitric acid containing 
nitrous acid readily attacks it, however. ^ 

Amaloamb.— If a CTain of clean meUi, for example, gold, comes in contact 
with clean mercury, the particle becomes either entirely combined, or superfi¬ 
cially coated, with mercury, according to its thickness. If two such par¬ 
ticles come in contact with each other they are loosely cemented or soldered 
together. Such aggregations, which are alloys of the metals with mercury 
are called amalgams.’* ’ 

Certain metallic compounds, such as cerargyrite (chloride of silver) or 
argentite (sulphide of silver), under conditions favorable to the reaction, are 
decomposed by mercury, forming chloride or sulphide of mercury and silver 
amalgam. 

Mercury also unites readily with copper, lead, tin, cadmium, zinc, bismuth 
sodium, potassium, and some of the rare metals. The affinity of mercury for 
the metals increases with the temperature. In the case of arsenic and anti¬ 
mony, heat is necessary to form amalgams, and in the case of antimony the 
amalgam is broken up upon cooling. By using a voltaic couple with a dilute 
acid and mercury as the negative electrode, mercury unites with nickel, cobalt, 
manganese, iron, chromium, aluminum, and platinum. Mercury forms an 
amalgam with the above metals when their salts are treated iy electrolysis 
with mercury as the negative electrode. Sodium amalgam Trill decompose 
most of the salts of the metals 3 rielding amalgams of mercury and the metal 
derived from the salt. 

In milling, three amalgams of gold may be considered. The first is liquid 
and when filtered contains about 0.1 per cent of gold at 60 degrees Fahrenheit. 
The second is solid and represents the combi nation, in some definite chemicai 
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Silver amelgams may be divided into tnree simnar 

Sra^b K FOR AMAiiAMATiON.-For amalgamation or separation 
of precious raeuu from their ores by mercury the following devices are used. 

Stamp mill. 

Arrastra, Huntington. 

Amalgamating pan. . « u* 

Inside plates, that is, amalgamated plates inside the stamp or other crushing 

mill. 

Out^de plates. 

Mercury wells and traps. , ,, . , . 

Mechanical amalgamators which do not combine crushing with amal¬ 
gamation. 

Cleanup devices. , . - . . n 

At this place we shall discuss amalgamation only as it refers to stamp-miU 

Ahaloauatino PLATfiS.—These are primarily of two kinds: inside plates, 
that is, plates within the mortar, and outside plates. The former are not now 
in common use, for they widen the mortar unnecessarily, they cannot be 
adjusted to suit the height of discharge, and, being out of sight in the dark, 
they are difficult to keep in condition. There are several varieties of out¬ 
side plates. With a few exceptions they all come under one of the following 
headings: 

1. Splash plates are placed on the wooden shield which sometimes covers 
the front of the screen. 

2. Lip plates are from 3 to 18 inches long, extending the width of the 
mortar and resting on the lip of the latter. They should be heavily silvered. 

3. Apron plates include those plates which come next to the mortar 
and in width are about equal to the length of the mortar. In length they 
vary from 10 inches to 16 feet. 

4. Sluice plates, when used, usually follow the apron plates and are nar¬ 
rower than the len^h of the mortar. 

5. Shaking plates are shaken by a suitable mechanism or mounted on 
the vanners or tables. They are not in common use today. 

In general, amalgamating plates take the form of copper plates coated 
with amalgam. Outside plates are supported on tables, so that the slope 
may be adjusted to suit variations in f^ and crushing. Inside plates are 
usually fastened to the removable chuck block in the mortar. The largest 

E ortion of the gold is usually caught on the apron plates. These plates should 
e set at an angle, so that the pulp will flow eve^y over them and bring the 
free gold in contact with the mercury. The slope of the plates is an impor¬ 
tant adjustment. If the slope is too steep, the pulp rushes over the plates 
too rapidly, and the gold and amalgam have less opportunity to settle and 
adhere. Furthermore, the amalgamated surface will be scoured off. If 
the slope is not steep enough, then suJphurets will deposit on the plates and 
reduce the working area. The slopes found in the mills vary from 1 to 2i 
inches per foot. 

The slope of the plate will depend upon the amount of sulphides in the 
ore, the finen^ of crushing, the tonnage crushed, and the width of the plate. 
Ihe rule which appears to be generally followed in adjusting is to make the 
slope as small as possible without allowing suipburets to deposit When the 
slope IS nght, the pulp covers the whole plate and flows down in a series of 
waves, which roll the grains in the pulp over and over and give them an oppor- 
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tunity to come in contact with the surface of the plate. The speed of these 
waves is an indication of correct adjustment, and varies from 23 to 42 inches 
per second. The him is thicker at the center than at the edges of the plate 
and thicker at the upper end than at the lower end. Mercury, in addition 
to that fed into the mortar, must be supplied from time to time to keep the 
amalgam of the proper consistency. We may have a single long apron plate 
followed by a mercury trap, or we may have a more complicated arrangement 
of a number of separate plates with mercury traps interspersed. One large 
plate has the advantage of being more easily taken care of, but it lacks the 
use of steps or drops along the line of plates, a very valuable aid to the catch¬ 
ing of amalgam. 

The amount of drop is very important. If it is too much, the attrition of 
the particles of ore soon scours away the amalgam from the plate; if too little, 
it fails to save the fine gold. The height of drop seldom excels 2i inches' 
and the average is not far from 2 inches. The total plate area should be 
sufficient to catch practically all the free gold. Where the gold is coarse, the 
area may be less than where the gold is fine. Where there are numerous drops, 
the area of the plates may be lessened. Where narrow sluice plates are used] 
the area needs to be greater than ^vith the wide apron plate. The areas vary 
from 9.76 to 102 square feet for a five-stamp battery. The average of 26 
mills is 55 square feet. The thicker the plates the less is the danger of their 
becoming dented, but the thickness is pretty well standardised at i inch. 

Mateai.\ls or ths Plates. —Amalgamated plates may be 

Copper coated aith quicksilver. 

Copper coated with silver amalgam or gold amalgam. 

Copper plated with silver and coated with quicksih’er. 

Munts metal (copper 60 per cent, sine 40 per cent) coated with quicksilver. 

Pure sheet silver coated with quicksilver. 

Rough board covered with amalgam. 

In addition to the above, surfaces of blanket or carpet are used to catch 
gold and amalgam, but these cannot strictly be called amalgamated plates. 

Whether the plates are plain or treated, they should be made of purest 
and softest annealed Lake Superior or electrolytic copper. The purpose of 
annealing is to softea the hard skin and make the copper porous. Plain 
copper plates coated with mercury are poor catches of gold, and it is neces¬ 
sary to run considerable ore over them before they Income charged with 
sufficient gold amalgam to be satisfactory. A part of this gold is absorbed 
by the plate, and to this phenomenon bas been given the name of "new-plate 
error." Plain copper plates may be coated with gold or silver amalgam, or 
they may be silver plated and coated with mercury. Silver-plated copper is 
easier to keep clean than copper plate, and practically the full value of amalgam 
can be recovered after each run, thus avoiding “overlapping error." 

Munts metal (copper 60 per cent, sine 40 per cent) coated w'ith mercury 
has found considerable use in Australia and New Zealand. According to 
authorities there, plates of this metal aKsorb little amalgam, can be cleaned 
without the use of steel scrapers, are cheaper, and are not stained from grease 
and base metals so oa.sily a.s is copper. Plates of pure silver coated with amal¬ 
gam have been used, but high first cost discourages their use. 

Treatment of Plates. —Under this general heading will be considered; 

The preparation of new plates. 

Maintaining plates of the right consistency. 

The regular dre.ssing of plates to keep the surface in a bright condition. 

The cleaning or removal of accumulated amalgam from plates. 
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General ConeideraHans.—BehTe taking tip each of these subjects it will 
Bftve repetition to make a few remarks which apply to all. 

Air water act quickly on copper to form a coating. Similarly, a coating 
nr stain of varying colors will form on a plate containing a copper amalgam. 
This stain, commonly called ^‘verdigris” by miilmen, according to Louis is 
hydrated oxide of copper, with or without some carbonate. When 
which contains sulphates b used, a basic sulphate may also form, bulpniae 
of copper probably also occurs in the coating. This coating may be removea 
mechanically by the use of some abrasive, as sand, or chemically by dilute 
hydrochloric, nitric, or sulphuric acid, a solution of a handful of salt and i 
teacup of sulphuric acid in 2i gallons of water, ammonia, sal ammomac, or 
potassium cyanide. It is now considered better to avoid the use of chemicals 
as far as possible, except possibly potassium cyanide, in the treatment of plates. 
It is claimed that the use of dilute acids, especially nitric, either in the prepara¬ 
tion of new plates or in the dressing of plates, causes the formation of salte 
of copper, which will sooner or later work to the surface of the amalgam 
and make a stain. Nitric acid also dissolves silver from silver-plated plates. 
Thb stain may sometimes be formed externally, as, for example, where the ore 
or water contains acid sulphates of iron or copper formed by the oxidation or 
roasting of pyrites. In thb case the action b probably aided by oxygen and 
carbonic acid from the air and water. 

Another great difficulty in amalgamation, besides the staining of plates, is 
the “sickening" and “flouring" of mercury not only on plates but also in 
the stamp mortar. Either of these terms b used to denote the .separation of 
mercury into minute globules, by agitation, as in the stamp mortar, the globule^ 
l^ng prevented from reuniting by the presence of a film of oxide, grease, or 
other foreign substance. Some authors define flouring as the separation into 
globules mechanically by agitation, and sickening as the coating o^'er of 
these globules chemically, which prevents them from reuniting again. Among 
the substances are oxides, sulphates, sulphides, or arsenides of base metals 
(lead, copper, iron, bismuth, arsenic, antimony, etc.), which have come from 
the ore or water, Any easily oxidisabic metal present in the mercury itself 
oxidizes and may cause sickening. Ores carrying talc, serpentine, graphite, or 
clay form a coating on mercury and cause sickening. Any babbitt metal 
which may accidentally get into the stamp mortar will cause sickening. Lead 
carbonate is another cause of sickening. 

Trouble from grease may be remedied by the use of an alkali, such as soda 
(soda ash), lye, or burnt lime (CaO), which is added to the mortar at regular 
intervals. Any trouble from the grease of miners’ candles may be largely 
avoided by the use of stearine canffies instead of tallow. The advantage of 
stearine is that it does not drip over the rocks in the mine. No candle end of 
cither material, however, should be allow*ed in the mortar. Alkalies also 
remedy trouble from acidity. An easy remedy for acidity of the water is to 
run it over broken limestone. An instance of the failure of lye is given by 
Sperry, who found that l 5 re (caustic potash), which was used in the mortar to 
counteract grease, reacted with the sal ammoniac (used to dress the plates) and 
produced ammonia, which precipitated iron from the water as the hydrate and 
formed a greenish scum. The lye was discontinued and the scum ffisappeared. 

An extreme example of acid water is that of the Peak Hill mine, New South 
Wales, where the ore undergoes a rough roasting in heaps previous to stamp¬ 
ing. A small amount of copper in the ore is changed to sulphate and is dis¬ 
solved by the water during stamping. As the water was used over and over, 
it soon became strongly charged with this copper sulphate, which deposited 
a film of copper on any fine particles of iron abraded by wear, and in this con- 
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the iron so coated was readily amalgamated by mercury. Instead of 
the ordjn^ gold amalgam, a very impure slime amalgam was obuined The 
remedy which effectually removed the difficulty waa to cease using the water 
a second time. * 

A graphite coating on plates may be removed, according to Hardman in 
less than an hour by putting a shoveful of salt into the battery. As to whether 
this will act for the talc and serpentine coatings, the author is not informed 

Sodium amalgam has a powerful reducing action, which reduces the metai 
from any oxides, sulphates, sulphides, chlorides, etc., of base metals and there¬ 
by removes these causes of flouring. This reducing action, however, causes 
base metals to go freely into the mercury, so it may do as much harm as good 
and, besides, sodium amalgam is troublesome to make and keep. Its use is' 
therefore, generally not favored. The rule usually given for its employment 
IS to add It to mercury fed to the battery in such amounts that the raercurv 
will adhere slightly to the edges of a nail that has been filed bright- If it 
coats the nail all over, more mercury should be added, while, if it does not 
adhere at all, more sodium amalgam is needed. W. L. Libbey advocates that 
it be made much weaker than this and reports that mercury containing 1 part 
sodium in 2000 works very successfully with a S’ova Scotia ore containing 
arsenopyrite and talcose slate, so that the loss of mercury in milling is less than 
xV ounce per ton of ore. 

Within the comparatively small range of temperature w'hich occurs in mills 
the variation in the attraction of mercury for gold is so slight aa to be of little 
consequence. Par more important is uniformity of temperature, for a plate 
in good condition at 35 degrees Fahrenheit would probably be too soft, if the 
(eraperaturc of the mill water rose to 70 degrees Fahrenheit. By cutting 
down the amount of mercury fed to the battery and gaging the amount entirely 
by the ^^fecl” of the plates, It is possible to have the amalgam of the same 
consistency in the summer as in n-inter and to prevent any serious flowage of 
amalgam. A great many mills heat the battery water in the winter by means 
of steam coils placed in the water tank. 

Amalgamating New Plalee .—This is divided into two parts: (1) the clean¬ 
ing of copper by any of the agents previously mentioned, to remove oxides 
and grease and (2) the coating of the plate with quicksilver or amalgam. The 
requisites of the process are that an even coating of amalgam be obtained 
and all oxide of copper, grease, and chemicals used in the process be removed. 
Owing to the rapid formation of oxide of copper when exposed to the air, it is 
necessary to continue the use of the cleaning agents throughout the process. 
The amalgamation is best done with mercury. Nitrate or chloride of mercury 
or sodium amalgam have sometimes been used but are not favored. 

Authorities differ somewhat in detail as to the best method of preparing 
plates. Accordingly, several methods are here given. 

Copper plates, coated gold amalgam, are prepared by Hardman as 
follows: Place the plate in horizontal position and wash with water. Paint 
the whole .surface of the plate with a saturated solution of cyanide of potas¬ 
sium, u.sing a 4-inch flat paintbrush and mo%'ing the brush transversely across 
the plate. The solution dries rather rapidly and one coat is sufficient. Leave 
plate undisturbed for 24 hours, until its surface has turned a dark green. Scrub 
the whole plate bright, beginning at the top, by the use of some fine sand 
(usually screened from old dry tailings) and a scrubber made of several thick¬ 
nesses of gunny .sacking wrapped around a small block of wood. After all the 
green scale has been scoured off, wash the plate with water, sprinkle mercury 
upon it, and rub it in with a clean chamois leather, moistening both plate 
and rubber from time to time with a solution prepared by mixing 1 part of the 
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saturated solution of potassium cyanide with 5 parts of water. 

“bites” immediately. This scouring and amalgamating can 
UDon a plate 10 feet long and 54 inches wide, by one man m 8 hours, ine 
nlate should be a perfect mirror when done. Give the plate its proper ^ope 
and run water over it all night. The next morning, if any green stwns have 
appeared, scrub such spots to bright copper and reamalgamate. Paint the 
upper 2 or 3 feet with very fine gold amalgam, or, if gold amalgam is >iot 
avwlable, with silver amalgam. The fine gold amalgam is best obtained by 
taking a piece of old copper plate well coated with gold amalgam, and “swea^ 
ing” it carefully over an ordinary kerosene lamp. The adhering amalgam is 
seraph off, put into a Wedgewood mortar with a little quicksilver, and ground 
well together- Rapidly pouring off the mercury after skimming leaves the 
coarser particles of amalgam behind, while the portion poured off, if allowed to 
stand 24 hours, may be carefully decanted from the fine amalgam which has 
settled to the bottom and which will be found to be of the consistency of 
cream. The plate thus painted is allowed to stand for at least 24 hours, and 
as much longer as possible before usii^. The plate is kept soft with mercury 
during the first two or three days of its use, the mercury and amalgam being 
brushed up toward the upper end of the plate with a flat paintbrush. 

Louis mves the following method of preparation of plain copper plates 
coated wi^ quicksilver: Fine sand (sea sand if obtainable) is sprinkJed on the 
plate, well moistened, and rubbed in with a block of wood until every portion of 
oxide is removed and the plate has a uniform red surface, care being taEcen at the 
same time not to scratch it. The sand is then washed off, and the plate dried 
and polished with fine emery paper folded over a block of wood. A perfectly 
clean dry surface is thus product. A mixture is then made of about 10 parts 
sand to 1 of coarsely pounded sal ammoniac; this mixture is damped with 
water and clean, pure mercurv is sprinkled into it by squeezing through can¬ 
vas. The mixture is then rubbed over the plate with a piece of canvas or 
blanket, when amalgamation will at once begin; more mercury must be sprin¬ 
kled on the plate from time to time, and the rubbing continued until a uni¬ 
formly bright silvery surface Is obt^ned. Each square foot of copper will 
require about i ounce of mercury. The plate is next wash^ well witn water 
and kept until the following day. It will then probably be found that the plate 
is dulled and covered with a coating of a greenish-gray substance. Usually the 
plate is brightened with a dilute solution of cyanide, together with a little 
mercury. 

For preparing plates coated with silver amalgam, Louis proceeds in the same 
way, except that he rubs in silver amalgam instead of mercury. The silver 
smslgam is prepared as follows: Dissolve a sufficient quantity of silver coin 
(about i ounce per square foot of surface of the plates) in dilute nitric acid 
in a porcelain basin, with the aid of a gentle heat. Evaporate to dryness very 
gently, preferably over a water bath, and heat until the saline mass commences 
to fuse and till all its bluish tinge is turned to grayish black, this change indi¬ 
cating that all the soluble cupric nitrate is decomposed, insoluble cupric oxide 
being left behind. Dissolve in a small quanity of water and ffiter into a jar 
or beaker. Add pure mercuiy to the weight of about three times that of the 
silver used, and float a few pieces of bright iron on the mercury. The silver 
will at once commence to precipitate and be absorbed by the mercury, forming 
silver amalgam, the process taking a few da 3 rs to complete thoroughly. The 
silver amalgam so produced should be of pasty consistency, and contain about 
3 parts mercury to 1 part silver. This amalgam is then rubbed hard all over 
the surface of the amalgamated plate, which is kept moist with a dilute solution 
of potassium cyanide; a good rubber for this purpose is made from a strip of pure 
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India rubber | inch thick and about 6 inches long screwed to a strip of wood 
which forms its handle and projecting } inch therefrom. The rubbing must 
be continued until the whole of the plate is completely coated with silver amal¬ 
gam, which will then keep the plate from tarnishing. 

To the foregoing the author’s experience adds these notes: Removal of 
copper is unnecessary. Nearly all the silver is precipitated in from 30 to 60 
minutes and, what is left, may be precipitated for another occasion. Keep 
the solution acid to prevent precipitation of basic salts of mercury, but avoid 
a large excess. Do not boil the acid in dissolving the silver, as the volume of 
the solution is thereby lessened. The proportions which have been found to 
work satisfactorily are to use for each square foot of plate: silver, 7 grams 
(about i ounce); nitric acid (1.2 specific gra\dty), 28 cubic centimeters; water, 
60 cubic centimeters; mercury, 112 grams. A little simpler method is to 
dissolve silver in nitric acid. Filter. Evaporate nearly to dryness to remove 
excess acid. Dilute with water to 500 or 1000 cubic centimeters. Precipitate 
silver on commercial copper sheets in 12 hours. Wash with water. Ada mer¬ 
cury, which readily unites ^ith the finely precipitated silver. Amalgamate 
plate first with mercury. Dry carefully with cotton batting, as the least j^clU 
tion of water will bring out the yellow stain. Paint on amalgam with a long 
bristle, fiat brush, preferably overnight, to allow amalgam to harden. 

For coating Munts metal plates with quicksilver, the plates are scoured with 
fine sand, washed with water, cleaned W’ith sulphuric acid (1 part strong acid 
to 6 of water), and then the quicksilver rubbed in. 

Dressing of PlcUs .—Plates should be run with amalgam of the proper 
consistency. If too hard, they will fail to catch the gold, and, if too soft, the 
mercury flows off the lower end of the plates. When just right, the amalgam 
should yield to the pressure of the finger, as does putty, but drops of mercury 
should never exude and run down. Where the gold is fine, the plates should 
be run drier or harder than with coarse gold. 

The act of brightening the surface of a plate to remove the stain and make 
it more active i.s called “dressing the pi ate.The act of scraping off the amal¬ 
gam to .save it is called “cleaning the p]ate.“ The dressing of plates occurs at 
various inter^'als in different mills. Once in 12 or 24 hours is perhaps the most 
common interval. If the amalgam is removed from silver-plated plates too 
frequently or too close to the copper, the silvercoatingdisappears very rapidly, 
and soon the copper is exposed and the plates become stained. There are only 
two remedies for this state of affairs: The plate may be removed and silver- 
plated, or it may be amalgamated with gold amalgam and more care taken 
in the future when removing the aceumulated amalgam. In cases of this sort 
the plate should first be cleaned and scoured tvith a solution of potassium 
cyanide until the pure color of copper is shown. Quicksilver should next 
be rubbed in thoroughly and any excess removed. The plate may now be 
coated with a little gold amalgam made from floured gold. Afterward in 
dressing and cleaning the plates the amalgam should be pushed toward this 
part of the plate until it keeps as bright as the balance of the plate. For 
California ores Adams recommends the use of the following solution in dress¬ 
ing the plates: “Take two quarts of water and add to it two to four ounces of 
cyanide of potassium. When this has partially dissolved, add a pint of a 
saturated solution of copperas and stir the mixture thoroughly.” This solu¬ 
tion Is especially recommended for stains caused by telluride of gold, selenide 
' of gold, and iridosmlum. When dressing the plates, the stamps of one battery 
are hung up, the water turned off, and the concentrators attached to that 
battery stopped. A stream of clear w'ater is directed upon the screen and then 
over the plates until all the sand and slimes are removed. Next, starting at 



GRAVITY STAMPS ANh AMALGAMATION 


59 


th« bottom of the first section of the apron plate, a whisk broom is dipped mto 
the dressing solution and the plate brushed with a circular motion, the strong^t 
jnovement being so directed as to carry any amalgam toward the head 
plate. This process is repeated until the entire section has been scrubbed. 
The splash plate is then tilted and brushed over, and aftorsvard the brooro is 
drawn lightly over the lip plate, any amalgam which is disengaged being 
brushed to the apron plate. The plate is now brushed up in a straight lino, and 
all the loose amalgam, etc., collected in a small heap, taken up with a rubber and 
small iron scoop, and saved until the time of the general cleanup. Any of the 
remaining plates which may be stained are similarly treated. The amalgam 
now lies in ridges parallel to the current. To change these ridges to tran.sverse 
ridges, the plate is brushed from side to side with a whitewash brush, beginning 
at the bottom and working toward the battery. The water may now be turned 
on and the stamps started. It is a mistake to attempt to dress the plates with 
the water running, as particles of amalgam are sure to be lost. The ideal 
arrangement is to have two apron plates for each five^tamp battery placed 
side by side, so that the pulp can all be turned over one plate while the other is 
being dressed. 

CUanini; or the Remomt of Accumxdated Amalgam from Plates .—This takes 
place at intervals varying all the way from 1 day (24 hours) to 30 days. The 
former interval is by far the more common, and in a few mills the cleaning occurs 
at the same time as the dressing. It is claimed that more amalgam is obtained 
by frequent cleaning, but the ledger will decide whether the increase is sufficient 
to pay for the additional time lost in cleaning. 

In a general way the cleaning consists of the softening of the amalgam 
by the use of quick^lver rubbed in w*itb a cloth or brush and the collection 
of the amalgam by a rubber scraper. A steel scraper for removing patches 
of hard amalnm is recommended in some mills and condemned in others. 
After the am^gam is removed, the plate is dressed and is then ready for use 
again. It is found in most mills that cleaning plates in the way just indicated 
does not remove all the amalgam but that there is a tendency for a layer of 
hard amalgam gradually to build up which cannot be removed except by; 
(1) prolonged scraping; or (2) "sweating*' with boiling water or hot sand; or, 
in some cases, (3) by hammering and buckling the plate; or (4) by acid treat¬ 
ment. A thin coating of amalgam should always be left after cleaning so that 
the plate may retain its efficiency as a catcher of gold. It is generally con¬ 
sidered ^tter not to allow this hard amalgam to collect to any great extent, 
as it is liable to make the plates work unevenly. It also represents so much 
capital tied up, and, finally, it is temptation to theft. In custom mills, its 
growth will cause an “overlapping" error with each succeeding run, which can 
hardly be tolerated. 

Where the cleaning of the plates is carried out at the same time os the 
dressing, the following procedure has been adopted in one mill; The plates 
are first hosed with clean water to remove all sand, sprinkled with sufficient 
quicksilver to wet them all over, and scrubbed with a w'hisk broom to loosen 
as much amalgam as possible. They are then rubbed down with a piece of 
76 per cent pure India rubber ^ inch thick and 4 by 7 inches in size. The 
amalgam so collected is removed by an amalgam scoop. The plates are again 
nibbed with the whisk broom, mercury being sprinkled on at the head as 
required. The last section is always brushed upward from the extreme end 
so that m case any amalgam should be hanging to the edge of the plate, it will 
be brushed up to where it can be readily seen and picked up. Every five or 
SIX days a weak solution of potassium cyanide, made by dissolving two or three 
lumps of cyanide in a pail of water, is used. The time required for two men to 
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-VC.N. tPiiTT are w oe cieanea, tnese plates are 

scraped to remove the hard amalgam, as follows: After the soft amalgam 
has been removed with a rubber scraper, as previously described, the surface 
IS scra^d with steel scrapers, made of old files bent at right angles about 2 
inches from one end and ground to a sharp edge, as shown in Fig 38 The 
edge should be perfectly straight across, except at the comers, where it is 

j slightly rounded. The amalgam is nowhere 
I' entirely removed, the purpose of the scraping being 

r- IIIIIIII I miiiM... ^ it to a thin film. Mast of the 

I \ scraping a needed upon the upper part of the plates, 

Fio. 3 $-—SCT.PW ^ exception of a few isolated spots, the 

k 1 fi ♦ o f X / XU ^^algam does not accumulate to much thickness 

below the first 8 feet of the plates. Great care is taken in using scrapers on sil¬ 
vered plates, as It takes but little scraping to cut the silver, which not only spoils 
the plates, but makes a very low grade of bullion. The amalgam removed 
u transferred to an enamel-lined cast-iron kettle by an amalgam scoop, The 
plates are next spnnkJed with quicksilver and scrubbed thoroughly with a 
whisk br<»m, care being taken to put quicksilver on all parts. Then the 


amwgam is coueciea again, using only a rubber and scoop to transfer it to the 
kettle, ,/yter going over the plate once more with a wbtsk broom, sprinkling 
a little quicksilver at the head as required, the pulp is turned on and operations 


are resumed. For this monthly cleaning and scraping 
of the 12 pairs of No. 1 sluice plates, tbe force requir^ 
is 6 men for 4i hours, and then 4 men for li hours. 

In this mill nothing is done to the 8 feet of No. 2 
sluice plate except at the time of tbe fortnightly cleanup 
of tbe mill. At that time, the water is turned off, the 
stamps hung up, the plates hosed off. 


scamps Qung up, tne plates nosea ott, scraped with a ■ * ^ \ 

steel scraper, and the amalgam removed. Next quick- * H \ 

silver is sprinkled on, the plates scrubbed with a whisk H 
broom, and the amalgam collected by a rubber and N 

removed. Finally, the plates are dre^ed with quick- 9 TW 1. 

silver and a whisk broom. The plates on the vanner 9 J ■ 

distributors are dressed and cleaned every week in tbe 9 v > v >[1 

same way as the sluice plates just described, except that , -I Jfl - 

the stamps are not hung up, but tbe vanner is simply -g 
stopped, and the pulp coming to it is diverted to |« » ] 

another vanner, which, temporarily, does double Pxo. 34 ,—Ctom wotion of 
work, « Bluk BiUa (rtp. 

The prece(^ng description covers the regular treatment of all plates in this 
mill, There is, however, an additional cleaning which takes place after a 
plate has been in use a long time, and the silver has scoured off in spots, m^ng 
it very troublesome to keep it in good condition. In this case, the plate is 
^ken out. The soft amdgam is first removed by the rubber and put by itself. 
Then the hard amalgam is scraped off until the copper appears, and this is put 
by iteelf. Finally, a layer of the copper is scraped off, and the plate is sent to 
be silver-plated, or, if it is in very bad condition from dents and wear, it is cut 
up, melted into bars, and sold for the gold and silver which it contains. 

The general cleanup, which comes perhaps twice a month, consists in clean¬ 
ing out the mortar, saving the amalgam, replacing worn parts, and putting in 
false bottoms, if these are used. The time of cleaning up is apt to be deter¬ 
mined by the amount of amalgam which coliecta in the battery, or, where inside 
amalgamation is not practiced, by tbe life of tbe shoes and dies. 
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MERcnftT TRAPS are used to follow the plates, to catch flour amalgam or 
larger pieces which have been scoured from the plates. There are numerous 
forms, one of the most efficient being shown in Fig. 39. It consists of two 
adjustable gates and one dam, all of wrought iron and sliding in grooves in a 
rectangular wooden box. The pulp enters the box at the feed end, passes down 
under the first gate, up over the dam, down under the second gate, and finally 
up over the overflow, which is considerably below the level of the feed. 
Another trap is 48 inches long, 14 inches wide, and 48 inches deep. Four gates 
are ail 3 inches above the bottom. Three dams are 1^, 3, and 4 inches, respec¬ 
tively, below the top, and the overflow Is 6 inches below the top. In cleaning 
Black Hills traps, the gates and dams are all taken out. The material recov¬ 
ered from the traps is treated similarly to the battery residue. 

Cleaning Ahaloaus. —Amalgam obtained in a gold mill may contain 
particles of so-called rusty'* gold, that is, gold which is more or less coated 
with some sulphide, arsenide, or iron oxide. The stamping process has cleaned 
it enough so that one corner is amalgamated, and it has therefore been caught. 
The amalgam may also contain particles of pyrites including minute specks of 
gold which are amalgamated and caught as above. It may also contain simply 
enclosed within it, black sand, magnetite, etc., cast iron, and graphitic particles 
from the wear of the mill. It may also carry some base-meta) amalgam. 
All these substances make the amalgam impure and would bring down the 
fineness of the gold brick or carry gold into the ^ag during the melting. Amal¬ 
gam from the plates is usually cleaned separately from battery amalgam and 
trap amalgam, but the procedure is much the same. Sand and iron may be 
removed by washing in small batches in a gold pan, and fine sulphurets and 
bese-metal amalgam may ^ removed by repeated grinding in either a Wedge- 
w<»d or a muller mortar, with an addition of quicksilver and warm water, which 
brin« the substances to the surface, whence they are skimmed oflf. Instead 

8ol“ mortars, a cleanup barrel or a cleanup pan may be used, 

especially for larger amounts, and the skimmings may be reground and finally 
cleaned with a little cyanide of potassium. Where the su^tances are mostly 
base-metal amalgam, they may be retorted separately, and the residue melted 
repeatedly with niter and borax to get a gold button. 

Cleanup Barrels.— These are especially suited for amalgams mixed with 
large amounts of impurities. Such material upon being placed in the cleanup 
barrel, with additional quicksilver and cast-iron balls, is thoroughly ground and 
worked, the amalgam being taken up by the quicksilver and separated from 
the waste matter. 

The barrels work intermittently, receiving a charge, grinding it for a speci¬ 
fied time, and later discharging it. They are ball miUs consisting of plain iron 
cylmders^ revoMng on honwntal axes (see Fig. 40). Heads carrying the trun- 
wons or journals are bolt^ to the flanged ends of the cylinders. The barrels 
are sometimes driven by direct pulleys, sometimes by pinion and gear Thev 
are generaUv provided ^th a manhole on one side and a handhole on the 
oth^ Both are clo^ by covers flush with the inner surface of the cylinder 

gaskets, and held in place by screw clamps. ^Some- 
\ ^ 1 L spherical balls of chilled cast iron 

pS ^ requires 2* homepower when running at 30 revolutions 

. ^charging is done by opening the manhole when it is on top Water 
health out the finest of the mud to a catch hopper 

0 ^ 1 ^' stopped and the If-inch hole at the bottom is then 

opened. The ai^gam and pulp are drawn off into buckets which so to the 
cleanup room. The catch hopper takes the overflow of bUets A 
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man then enters the barrel, lifte out the balls, hoses as much fine pyrite as 
posable mto the bucket below, and, finally, scrapee out all the scrap iron. 

The economical importance of a cleanup barrel is frequently lost sight of 
m a stamp roiJJ. By its use it is possible to save a remarkable amount of gold 


Flo. 40.^d«tnup bftrrd 


Fro. 41.-^Tw«Qty.four-iaeh clo&oup psa. 

which would otherwise go to waste. Among the things treated by it are 
(I) old screens and pieces of scrap iron from the mortars, wtdeh are first 
allowed to rust to pieces; (2) old straining cloths, brooms, chips, etc., which 
are burned and their ashes treated; (3) the sweepings and drainings of the mill, 
accumulated dust, flue dust, etc. Loring states that many thousand dollars 
may be saved in this way around a large plant. 
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Cleanup Pan. —The cleanup pan (see Fig, 41) is a small-sised pan in 
which the sides, bottom, and central cone are commonly all made in one cast¬ 
ing the bottom being very thick to take the wear. To the revolving spider or 
dn'nng cone are screwed hardwood blocks, which are well adapted to give the 
gentle trituration, the special need for which will be referr^ to later. A 
^placeable die ring is sometimes used. As the charge does not rise above the 
muller, no attempt to obtain a systematic pulp current is made. In other 
respects the cleanup pan is constructed and mounted much like an amalgamat¬ 
ing pan. Another form of cleanup pan substitutes two rotating arms and two 
stones for the spider and wooden blocks. 

The cleanup pan subjects amalgam to a grinding action which is not severe 
enough to flour the quicl^ilver, but it cracks the shells off the gold particles and 
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Fio. 42.—8e«ttoa of cylindrical retort nod furnoce. 



uncovers the iron, graphite, magnetite, etc. It yields: (1) clean amalgam and 
(2) mud. The amalgam is strained, retorted, and melted to a brick. The mud 
can he settled in a tank, and, when enough of it is had, sampled, assayed, and, 
if rich enough, shipped to smelling works. The cleanup pan is especially 
suited to the i^moval of impurities from a mass of amalgam- In wet or dry 
silver mills rninerai enclosures and partially amalgamated particles may also 
be obtained- The cleanup pan here also refines the amalgam as above. 

SQUEEZING, Retorting, and Melting. —The cleaned amalgam is next 
squeezed through chamois skin or fine canvas. Hydraulic amalgam presses 
are used in large mills when considerable amounts of amalgam have to be 
bandied daily. 

This cleaned amalgam is next retorted to remove the mercury. Retorts arc 
of two kinds: (1) the cylindrical retort, which is mounted horizontally in a 
fUed position in a furnace and is shown in Fig. 42 and (2) pot retorts of various 
sizes, which are temporarily fixed over a blacksmith’s forge or fire. Such a 
retort is shown in Fig. 43. These retorts should be coated inside with clay 
or graphite and filled not more than three-fourths full The discharge pipe 
should dip but sbghtly into the water, in order that there may be no danger 
of an explosion from water being sucked back as the retort cools. The retort 
residue will contain, in addition to gold and silver, base metals (chiefly lead, 
copper, arsenic, and antimony), also some mercury, which can be driven off 
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only by melticig. The amount of base metals in the residue will vary with 
the conditions, such as the kind of ore, the purity of the water, the care taken 
not to scrape plates to bare copper, and the care in cleaning amalgam. 

The residue from retorting is cut up and melted in a graphite crucible in 
a pot furnace. The common fluxes used are borax, soda, niter, and silica 
The slag, which is formed on top, may be skimmed off by passing a flat coiled 
rod of cold iron over the surface, or it may remwn and be poured with the metal 
into the ingot molds. Just before pouring, the contents of the crucible are 
well stirred with a graphite paddle. The slag always contains more or less 
gold, and so it is either remelted to settle out most of the shots and the partly 
cleaned slag sold to a smelter, or else it is run through the stamp battery alona 
with old crucibles- * 



Fio. 43.—Pot rotort. 


The ingot will contain, besides gold and silver, almost invariably a small 
amount of base metals, usually copper and iron. The amount of gold or 
silver contained is indicated by its finenes.4, or number of parts in a thousand. 
This will vary in different mills according to the constituents of the ore and 
water, the condition of the plates, and the care taken in cleaning amalgam. 
Tbe average fineness of gold bullion is perhaps about 800. 

Care ako Purification op Mercury. —The mercury or No. 1 amalgam, 
which Is separated by straining, is generally used over again in the mill, as the 
small amount of gold and silver which it contains makes it a better agent for 
catching gold than pure mercury. If the amalgam contains base metals or 
their compounds, it is best to clean it before using it over. Impure mercury 
is easily recognised by the fact that its globules are pear-shaped and do not 
unite readily, while pure mercury gives brighter hemispherical globules. 
Impurities held in suspension in mercury may be removed by allowing it to 
run through a cone of filter paper or blotting paper w*hich has a pinhole at 
the apex of the cone. Treatment with caustic potash, <^ute acids, or potas* 
slum cyanide is also beneficial. 
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Loss or Mbrcitry, —The amount of mercury lost per ton of ore averages 
0339 ounce per ton of ore treated. It seems proper to sum up here the 
various ways in which losses may occur (the remeies^ as far as known, have 
been previously given): (1) Flouring is the source of the greatest loss. There 
^vill always be some floured mercury and amalgam which is in such a fine 
state of division that it escape the mercury traps and go into the concen¬ 
trates or the tailings. This loss b^mes less the oftener the plates are cleaned. 
(2) Mercury may adhere to a bright spot on metallic particles, for example, 
ioclud^ grains of gold, and pass beyond the traps. (3) Mercury may be 
lost by forming an amalgam with copper or lead, which is lighter than mer¬ 
cury and liable to be lost. (4) Mercury may be lost mechanically in many 
ways by careless handling. If spilled on the floor, it divides into litUe globules 
ffbich cannot all be recovered. The loss in this way may be reduced by hand¬ 
ling mercury as far as possible under water, which acts as a blanket and pre¬ 
vents spattering- (5) In retorting, a small amount of mercury (0.1 per cent 
or over) is always retained in the retort residue and is lost in melting; a small 
amount probably also escapes into the air. (6) The evaporation of mercury 
at ordinary temperatures is a hardly appreciable source of loss. (7) Under 
certain conditions there may be a small chemical loss. Thus sulphate of 
copper in the battery water may bo decomposed by mercury, forming soluble 
sulphate of mercury and a copper amalgam. This chemical loss is a great 
source of loss in pan amalgamation. 

Losses or Gold ik Amalgamation, —This may take place in any or all of 
the following ways: (1) Flotation of fine grains which do not come in con¬ 
tact mth the mercury. Numerous drops in the line of plates and a small 
amount of water reduce this loss. (2) Included grains in which the gold is sur¬ 
rounded by gangue. Finer crushing helps to avoid this. These grains will 
be caught in many cases in the concentrates. (3) Rusty gold, including 
gold surrounded by a film of any foreign substance which prevents it from 
coming in contact with mercury. The remedies for this are the same as for 
(2). (4) Compounds of gold, such as tel I u ride. These may be saved on the 
concentrating machines, unless crushed too fine. (5) Sickened or floured 
mercury which is unable to attack the gold properly or is so fine as to be lost 
in the tailings and may carry gold in solution. The remedies for flouring 
previously given reduce the loss in this way. 

Amalgamation Apart from Stamp MiLLiNO.^Amalgamation is used in 
coonection with ball- or tube-mill grinding to recover freed metallic gold at the 
earliest possible point in the milling process. Plates or other amalgamators 
are fed directly with the discharge of the ball or tube mill. For example, in the 
Homestake mill, Clark-Todd amalgamators, fed by the dischargo.s of rod and 
tube mills, are important features in the milling process. Rich free-gold 
concentrates from traps, jigs, riffles, corduroy tables, and other devices 
installed in gold-mill grinding circuits or elsewhere are commonly amalgamated 
in cleanup barrels or pans as a more profitable procedure than shipping them 
to a smelter. 

Corduroy tables, which are also discussed under Tables in a later chapter, 
have been long used in South Africa in place of amalgamated plates and 
recently their use has extended to America. They make a high-grade low- 
bulk concentrate containing, not only the bright gold, but also the rusty 

? )ld and in South Africa iridosmine which does not amalgamate on plates. 

hey are simple cheap, free from theft, and avoid amalgamation troubles 
and expense of using mercury. 

Status or Gravitt Stamps.— Although stamps are bulky and have a 
high first cost, they are simple and easy to operate. They burnish metallic 
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goiij &&d ftre excellent amalgamators. They are capable of making a big 
reduction in one step and to a definite maximum size of particle, but the prod¬ 
uct has a high percentage of slimes on account of the limited ^scharge 
opening. They cannot compete with Symons cone crushers or rolls as inter¬ 
mediate crushers, and for fine comminution it is generally accepted that they 
are less efficient than ball or tube mills operating at capacity, except possibly 
in small plants where the tonnage treated is low. No new large gold mills 
have installed stamps during the laat few years and their field in genera) has 
narrowed considerably as already set forth at the beginning of the chapter on 
Steam Stamps. 


CHAPTER VI 
FINE GRINDING 


In the following articles there will be discussed a number of t 3 ^ical 
Qiftchines, aside from gravity stamps, which are used for fine crushing and 
grioding* A multitude of come properly under this head, but the author 
believes that, if the student understands the principles of these typical machines 
and their mode of operation, he will be in a position to understand the various 
other machines which are occasionally used in grinding. 

PniiPOSE.—The chief purposes of fine grinding in ore dressing may be 
summarised under the following beads: (1) Ltberation of valuable minerals 
from waste minerals of the ore preparatory to subsequent tabling, Dotation, 
amalgamation, cyaniding, etc. This heading will include the regrinding of 
middiings or intermediate products of concentration, which contain locked 
or unlili^rated values. (2) Grinding to a sise meeting process require- 

merUs. For example. Dotation requires a feed lar^ly under 0.1 to 0.2 milli¬ 
meter size. In cyaniding gold ores, particularly tbose containing tellurides, 
very fine grinding to 0.05 to 0.10 millimeter in cyanide solution may aid both 
the rate and the efficiency of dissolution. (3) Grinding to meet comrwrcial 
produci retirements. is of most importance for the nonmetallic ores 

and products, including barite, feldspar, cement, and many others. 

Although DO all-inclusive staUments can be made as to feed sise or product 
size of fine-grinding operations, in general the feed to the first step of grinding 
is the product of the final crushing rolls or cone-crusher circuit, which varies 
between about 1 and 30 millimeters maximum nse in various typical plants, 
liie feed to regrind mills and secondary or terriary grin^ng rnill « may be 
considerably finer. The maximum sise of the products of typical grinding 
operations varies roughly from 0.1 millimeter (150 mesh) to 0.4 millimeter 
(35 mesh). 

Both the coarseness of the feed and the degree of fineness of the product 
are subject to practical limitations in common types of grinding i^Is, as deter¬ 
mined by the grinding mechanism employed. If the feed is too coarse, grind¬ 
ing becomes inefficient and a finer crushing preceding the grinding will not 
on^ improve grinding results, but also decrease the over-all costs of crushing 
and grinffing. Also there is an economic limit to the fineness of the ground 
product since grinding efficiency goes down and grinding costs go up markedly 
as grinding is made finer and finer. This economic limit is reached when 
the net value of the additional recovery made in the sub^quent treatment 
process, as a result of finer grinding, is no longer greater than the ^ditional 
cost of the finer grinding. 

General Principles. —Stage grinding and closed-circuit grinding are even 
more important than the corresponding principles in intermeffiate and second¬ 
ary crushing, as fine grinders are far from positive macbines in grinding to a 
maamum product size. Furthermore, maximum grinding efficiency, attained 
by stage reduction in closed circuits and by rational control of operating 
conditions, must be given much more consideration for several reasons. (1) 
Fine grinding is a relatively expensive operation, frequently accounting for 
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one-h^ or more of total milling cost (2) Fine grinding machines are inher¬ 
ently inefficient, expending in actual useful crushing only a traction of the total 
power input. (3) The production of an excessive quantity of material finer 
than necessary, in the form of slimes or colloidal material, la a waste both of 
eneigy and of ore values, as concentration efficiency, even in flotation, falls 
off in extremely fine sizes. 

Classification and Application. —Grinding machines, like crushing 
apparatus in general, employ one or more of four basic actions: (1) abrading, 
(2) pressure, (3) blow on a die, and (4) blow in space. Grinding pans illustrate 
true abrading or shearing between two sliding surfaces, Pressure is the action 
of roller mills and rolls. Stamps use the blow on a die. Swing-hammer 

E ulveritera and other similar impact machines act by blows in space struck by 
igh-speed revolving hammers or li^ater am^. Ball mills and other revolving 
mills represent a combination which is mainly pressure and blows on a die 
with a certain amount of abrading as well. 

The following machines will be described: 

Arrastra. 

Grinding pan. 

BaU n^. 

Tube mill. 

Rod mill . 

Ball mill with peripheral screen. 

Hadsel mill. 

Chili mill. 

Huntington mill. 

Raymond roller mill. 

Swing-hammer pulveriser. 

Cyclone pulverizers. 

For the sake of completeness, perhaps explosive shattering should be men- 
tioned as an additional grinding principle, although it is a relatively new 
process of which the commercial future b yet unknown, Explosive Matter¬ 
ing involves the treatment of rock with high-pressure steam, in a closM chamber, 
followed by a sudden release of pressure which causes the rock to shatter. 

In modern ore-milling plants horizontal revolving mills, that is, ball mills, 
tube mills, and rod mills, are practically the univerMl machines for grin^ng. 
The arrastra and grinding pan are about obsolete. Hadsel mills are a new 
development of questionable future. Roller mills and impact mills are con¬ 
fined largely to dry grinding of soft material for industrial purposes, as coal, 
graphite, asbestos, talc, and similar materials. 

Fine grinding in ore dressing is nearly always a wet process; dry grinding 
is confined to preparation for dry separation processes and to pulverizing 
commercial materiab to meet product requirements. 

Arrastra or Drag-stonb Muj^ 

Thb mill, now alniost obsolete, consbts of a circular stone pavement from 
6 to 20 feet in diameter with a retaining wall around it and a step in the center. 
Upon the step stands a vertical revolving spindle or shaft, and from thb extend 
horizontal arms to which are attached large boulders, called ‘*drag stones.^’ 
The boulders are dragged around the pavement and crush the ore by a true 
grinding action. There are usually four arms and the drag stones weigh from 
BO to 2000 pounds. The speed b 4 to 18 revolutions per minute. Thb mill b 
used as a fine grinder and amalgamator and b fed with material seldom above 
} inch in diameter. It b used where cheapness both of installation and of 
operation b essential and where small capacity b not objectionable. 



FINS ORINDING 


69 


Grinding Pans 

Grinding pans are an evolution for continuous work from the old batch 
amalgamating pan for silver ores. They competed at one time with tube 
miUs in gold cyanide plants^ especially in Australia, but such use today is 
rare except in isolat^ cases where their low first cost is a major factor ^ 
compared to their higher operating cost. They are somewhat similar m 
general arrangement and mechanism to amalgamation cleanup pans (see 
Fig. 41) but are built considerably heawr and equipped with hardened 
metal shoes or mullers, and dies. Suitable arrangements are made for con¬ 
tinuous pulp feed and overflow. 


Revolving Mills 

Principle. —Under this heading will be included various modifications of 
the fundamental principle of a cylinder or cone rotating on a horizontal axis 
and charged with some form of grinding medium. During the rotation of 
these miib the grinding media acquire rollings cascadings and falling motions, 
and the impacts and grinding resulting from these motions are effective in 
comminuting the rock particles in the mass. Feed is introduced at one end 
and the product is discharged at the other as is well illustrated in the cut¬ 
away Fig. 45- The feed is scooped up by the spiral feeder A and forced into 
the mill through the hollow trunnion. It is then ground by the balls in its 
passage through the cylinder D and finally discharges through the hollow 
trunnion B. Nomenclature of the various forms of revolving mills is not 
exact, but the foUo>ving definitions are believed to represent current practice. 

BqU milU in general include all mills in which iron or steel balls arc used 
as the grinding media. The diameters of such mills are usually, but not 
always, approximately equal to their length. Ball mills may be cylindrical 
mills such as the Marey and others, or conical mills of the Harding type, 
which depart from the straight cylindrical form by having conical ends. 

Tube mill$ are cylindrical mills of relatively great length, commonly used 
for very fine grinding preparatory to cyaniding. Tube mills generally use 
flint or hard-rock pebbles as the grinding media and hence arc also some¬ 
times called ‘'pebble mills,” although the term pebble mills also includes 
other forms of mills, as, for example, the conical mills, w'hen they arc used w'ith 
Hint or rock pebbles as grinding media. 

Rod mills are cylindrical mills employing steel rods as the grinding media. 
The length of these mills is about twice the diameter. 

Application and Features. —Revolving mills in their various forms 
and modifications serve a very wide field, both wet and dry. Ball mills may 
be fed in some cases with ore as coarse as 3 inches maximum size and grind 
it to 50 mesh. In other applications they may be fed with finer material and 
reduce it to 200 mesh or finer. Tube mills are fed with ore from i inch up to 
1 inch maximum size and are used to grind as fine as 325 mesh in some cases. 
Rod mills are better suited for intermediate grinding of rock up to 1 inch 
manmum size, yielding products of 65-mesh size or coarser, 

^ Because of the many similarities in construction of these various types 
it will be more convenient to discuss them from the more fundamental stand¬ 
point of the different mechanical or design features, rather than to consider 
each apparatus entirely separately. Various important features to be dis- 
lo^ish^ are (1) fading media, (2) shape of mill, (3) type of discharge, 
(4) feeders, and (5) liners. v / e , 

various materials used may be classed in three 
ba Is and other shapes of iron or steel, (fc) pebbles of flint and 
Other rocks including coarse mine ore, and (c) rods of steel. 



to 


TEXTBOOK OF ORB DRESSING 


BalU are made of chilled caat iron» oa^^f and forged steel, or alloy ateels. 
The material chosen should be as cheap as po^ible, consistent with high 
hardness and toughness and good wearing properties. It will be that material 
which gives the lowest cost per ton ground when all factors are considered. 
Where foundry facilities are available, some large plants work up old scrap 
iron and steel into balls. Various shapes besides spheres have been tried, 
such as cubes, tetrahedra, '^concavex/* and others, but spherical balls remain 
as the almost universal shape used in practice. Occasionally old shafting, 
rails, and other compact shapes have been cut up and used direct. 

The sise of balls should be chosen with consideration of the nature of the 
ore feed, particularly the particle sise, and of the extent of grinding desired. 
For efficient grinding of coarser material, larger balls are needed, but smaller 
baQs are better on fine material because of their greater effective area of grind- 
ing surface per unit weight of ball charge. The ball sizes in a mill should 
thus be proportioned so that each ore sise will receive the proper amount 
of grinding. A rough rule is that balls of a given size are most effective for 
grinding particles of less than about one-tenth that sise. For coarse grind¬ 
ing on fe^s above about i inch maximum size, balls from 3 to 6 inches arc 
used; for finer grinding 2- to 3dnch balls are common. Sizes down to J inch 
are supplied for special purposes. In continuous operation the actual pro¬ 
portion of the various sizes present depends on the rate of abrasion, and so 
the bails added periodically to take care of ball consumption are usually 
cither Just one coarse size or a mixture of two sizes in proper ratio, the size or 
sizes in either case selected for best operating results. There is a tendency to 
use smaller balls than formerly. Ball wear is usually between 1 and 3 pounds 
of metal per ton of ore ground. For cast iron it may reach 5 pounds. An 
initial ball charge for coarse feed may consist of equal weights of 5-, 4-, and 
3-inch balls but later on only 6-inch balls may be added. 

In practice the volume of the ball charge, including voids, varies up to 
60 per cent of the mill volume imside, but not generally below 30 per cent. 
Within these limits capacity may be increased by increasing the ball charge 
and keeping the speed constant, maximum capacity and maximum power 
consumption occurring usually when the mill is a little less than half full. 

PebbUs are used in tube mills, which are ordinarily not built hcav^ enough 
for steel-ball charges, and in other forms of revolving mills when jron con¬ 
tamination is undesirable. Flint pebbles are imported from France or Den¬ 
mark, although in some instances locally available pebbles or blocks of hard 
rock may be used. Imported pebbles range in size from No. 0,1 inch in diam¬ 
eter, up to No. 7, 7 inenes In diameter, and, as in the case of balls, an initial 
charge should contain mixed sizes. Pebble sizes are chosen larger than ball sizes 
for the same range of w'ork. When us-ing pebbles as grinding media, the maxi¬ 
mum size of ore feed should be less than i inch. For the same size of mill, the 
capacity with a chaise of pebbles of lower specific gravity than balls will be 
somewhat less than that with a ball charge. However, the power consump¬ 
tion will show a corresponding decrease, indicating that grinding efficiency does 
not vary greatly with specific gravity of the media. Pebble charge is usually 
very close to one-half of mill volume. Pebble consumption ranges between 
i and $ pounds per ton of ore ground. 

Coarse mine ore may be us^ in place of flint pebbles, and in South African 
gold mills lumps about 3 inches in diameter are screened out during coarse 
crushing for use as the sole grinding media in the tube mills. Consumption 
is high, but the material is cheap, and any gold it contains is recovered, ^me- 
times, to get increased output, iron balls are added in the ratio of 1 part by 
weight of balls to 2 or 3 paHs of coarse ore. 
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Roii^ used in an intermediate grinding range from 1 inch down to 48 or 
65 as previously mentioned, are slightly shorter than the insid^miJl 

lengTand a?e from ^ to 4 inches in diameter. They are of steel with 1 
ner cent carbon or slightly less, which is a standard product of steel rolhn^ 
carbon content gives them sufficient brittleness to make them break up 
when well worn down, instead of twisting up into a troublesome mass, ihe 
rod charge occupies 30 to 50 per cent of the miU volume, and the wear ot 
metal is about the same as that of steel balls. In some mills rod charges are 
sorted over every week or so, and the inefficient small rods which have become 
worn down to a fraction of an inch in diameter are discarded. 





FlO. 44S.—Plftn. 


Rods have less tendency to overgrind a portion of the feed than balls or 
pebbles because of the difference in action. They remain essentially parallel 
to each other during rotation of the mill, so that contact takes place in lines 
rather than in points, as is the case with spherical media. The distribution 
of crushing effect along a line, instead of its concentration at a point, logically 
favoie s greater grinding action on the coarser particles and less production 
of fines, as the rods bear mainly on the coarse particles, thus preventing the 
closer contact necessary for grinding the fine particles. Moreover, this 
distribution of crushing force over the whole rod length also explains the 
ineffectiveness of rod mills on feed coarser than about 1 inch maximum size. 

(2) Shape of Mill.—^T he various shapes of milts have already been indi¬ 
cated and will now be discussed more fully. 

Tube rniUs, as illustrated in Figs. 440 and 445, are long cylinders with 
diameters ranging from aj to 6 feet and lengths from 8 to 22 feet. From a 
structuwl standpoint they offer more of a problem in design than other shapes 
If st^l ball charges were to be used in them, they would have to be dispro¬ 
portionately heavy to be sufficiently strong and would have correspondingly 
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Fto. 4S.^MArry mill. 
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hieh dead-load power consumption. From a metallurgical standpoint th 
advantages of clwed-circuit operation are not attained to the extent po^ihle 
with shorter mills, and a greater part of the ore fed is overground. 
nroduced in the first few feet of passage through a tube mill are subjected to 
further grinding in the remainder of the mill length before their passage out 
of the mill into the closed-circuiting sising device or cla.s,siner. A his over- 
grinding, ordinarily a disadvantage to efficient milling, may be of advantage 
in gold cyaniding or other processes when extremely fine grinding is necessary. 

Cylindrical ball mills are illustrated by the Marcy mill, shown m *ig. 45. 
Standsrd cylindrical ball mills have lengths and diameters of approximately 
tlic same magnitude, which makes them suitable for efficient closed-circuit 
grinding work with a minimum of overgrinding (sec Table 15 on Marry mills). 



Fjq. 47.—Ain^Cbaimer* 4- by ICVfoot wet srindiBg rod mill 


Content hall mills are of the shape shown in the illustration of the Hardinge 
mill, Fig. 46. It is claimed that this shape of mill brings about a more rational 
distribution of crushing work, the larger balls tending to segregate in the 
2 one of largest mill diameter, the smaller balls going into the zone of smaller 
mill diameter in the conical section at the discharge end, Accordingly the 
entering feed first is subjected to the action of larger balls in a cylinder of 
large diameter, favorable to the reduction of coarse feed particles. In the 
latter part of its passage through the mill the rock is acted on by smaller balls 
in a mill cross section of decreasing diameter, favorable to the reduction of 
the fine sizes. According to the manufacturers, this action results in reduced 
power consumption and reduced wear on the mill lining, and the conical end 
sections also produce a pwitive circulation of pulp within the mill. The conical 
sh^e insures extreme rigidity and simplicity of construction. Sizes are shown 
m Table 16. 

. cylindrical in shape, as represented in Fig. 47. As shown 

‘^•11 L leugth is approximately twice the diameter, as in shorter 

imlls the rods were thought to tend to cross and become twisted- Actually 
they do not do so in a short mill. 
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3. Ty^b op Discsarob. —The revolvli^ mills may be divided into two 
classes on the basis of their types of dbcharge, namely, the overflow type, 
and the grate- or diaphragm-discharge type. 

Of'erji^ ZHsckarffe .—The overflow dischai^ is common for many tube 
mills, ball mills, and rod mills. The tube mill, Fig. 44, and the conical mill 
Fig. 46, illustrate this type. The puJp discharges simply by overflowing, 



Fio. 48.~a*etioQ Mftrey miU. 


through the discharge trunnion, w*hich is of slightly greater inside diameter 
than the feed trunnion to induce proper flow of pulp through the mill. The 
size of the discharge opening determines the level of pulp in the mill and the 
rate of flow through the mill. Pulp discharge is retarded by smaller 
openings, and a relatively lai^e volume of pulp is present in the mill at any 
given instant. Larger openings, on the other hand, discharge more readily, 
and the pulp level is lower. The lower the pulp level is maintained, down to 
a certain optimum level, the higher the power consumption, but at the same 
time the higher arc the grinding rate, the mill capacity, and the roil) efficiency. 
Rod mills usually have larger discharge opening than ball mills. The Marcy 

rod mill, for example, has a large- 
diameter discharge opening (3 feet in 
diameter for a mill of 5 feet 5 inches 
inside diameter) partly closed bv a 
removable door or plug of soznewliat 
less diameter than the opening. This 
arrangement forms an annular or ring- 
shaped opening through which the 
pulp discharges. 

OraU Discharffe .—The Marcy ball 
mill, F^. 45, is a t^ical grate-dis¬ 
charge mill which is used rather 
extensively. It is schematically rep¬ 
resented ID Fig. 48. The discharge 
end of the mill is fitted with a grate, 
shown by the dotted line in Fig. 48 and 
by C in Fig. 45, with slots i to I inch 
wide, which allows free passage of pulp but holds back the ball charge. Between 
the grate and the end of the mill arc radial lifter bars, shown in Fig. 45, 
which elevate the pulp and discharge it through the tnionion. This arrange¬ 
ment is designed to maintain a low pulp level in the mill, as indicated, result¬ 
ing in a rapid circulation of pulp aiM in the concentration of grinding action 
of the balls on a relatively small amount of material at one time. Grates have 
been used in other mills, even in tube mills in South Africa, to give so-called 
quick discharge.’* A recent extreme quick discharge in Marcy ball mills 
is obtained by mounting the mill on rollers and using a grate alone to form 
the entire discharge end of the mill. 
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Fio. 506.—Ship]ap typa of liner. 


4. Febdbrs.— In aU types feed may be introduced inW 
the feed-end trunnion by means of a scoop, drom, or 

feeder. Feeders with scoops take a scoop full of pulp from a fwd box dun g 

revolution of the milJ. A scoop feeder is shown m Fig. 49 and at A in 
Fie 45 The drum feeders, illustrated in Fig. 46, are fed contin^uously from 
a chute. Both types deUver feed through a spiral p^age into the mill. 

HardiTwe Electric £ar.—This is a new device of proved value for aut<> 
maticaUy keeping a mill at the point of highest capacity and efficiency whi^ 
point corresponds to a definite mill sound or tone. An adjustable micrc^ 
^one, more sensitive than the human ear, acts through an electric relay to 
increase the amount of material delivered to the scoop or drum feeder if the 
sound becomes louder or to decrease it if the sound decreases, thus returning 
the mill to the sound which has been predetermined as the optimum for 
which the microphone has been set. . j 

5 Liners.— The inside surfaces of revolving mills are equipped witn 
replaceable liners to take up wear. Various materials are used, chilled cast 


iron, carbon and alloy steels, steel scrap rails set in concrete, ailex brick, rubber, 
porcelain, etc., depending on product requirements, operating conditions, 
materials available, and other factors. However, cast iron and steel liners 
are most common in ore-milling plants. These liners are made in sections 
of convenient sise, bolted or wedged to the shell. Liner sections are designed 
to prevent ball-charge slippage. The following terms refer to various liner 
designs, all fairly similar in principle: wave type, shiplap type, cascade type, 
lifter-bar type, wedge-bar t 3 rpe. Figures 50a and 506 show the rather common 
wave and shiplap types, respectively. Figure 51 shows a common tube- 
imll lining of the El Oro type. Cast riblwd plates are bolted to the mill 
shell so that the ribs form continuous channels. Pebbles wedge in and keep 
the channels filled up, presenting an effective and lasting grinding surface. 
Wear of liners ranges from i to 1 pound of metal per ton of ore ground. Rub¬ 
ber limngs are successful only on fine feed below 1 millimeter. Where the 
product has to be kept fiw from contamination with metallic iron, silex lining 
must be used, which consists of bard flint blocks 24 to 5 inches thick cemented 
in place. 

Operation of Revolving Mills.— In fine-grinding circuits a number of 
opei^tmg conditions may be varied independently, and each will affect the 
^uits. Every plant becomes a special problem of determining and main¬ 
taining the proper conditions to give optimum results. Certain factors, 
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such as the nature of the ore, total plant output* side of grinding units, 
and the auxiliary equipment, are fixed at the beginning or during the design 
of the plant. It becomes the operator’s problem to run the grinding plant 
and secure the desired output of finished product with low'est power con¬ 
sumption and lowest total cost, at the same time obtaining a ground product 
which is best suited to the subsequent treatment process. Overemphasis on 

one objective may be detrimental to the 
others. Thus, if high capacity and low cost 
are sought, the quality or fineness of product 
suffer. Conversely, if a very fine prod- 
^ desired, capacity will be low and power 
consumption and other costs per ton will bo 
hi^. Some theoretical considerations 
which have a bearing on the interpretation 
C9SSSBS3dHK|r3|^v^r|^rf4 of grinding results will be found in the next 

chapter on Laws of Crushing. The actions 
•A going on inside a revolving mill and the 

effects of various factors thereon have been 
studied by many investigators, and much 
has been written on the subject. 

The operating conditions which will now 
fio. SI.—El Oro tub».ttm linioi. he considered are (1) speed, (2) size of feed 

and pulp density, (3) closed and open cir¬ 
cuits, (4) stage grinding, (5) differential grinding, and (6) batch grinding. 

1. ^pced oj revolution is important as affecting both efficiency of action of 
grinding media and grinding capacity. A mill may be run so fast that cen¬ 
trifugal force will cause the grinding media to cling to the shell during the entire 
revolution and thus do little grinding work. The theoretical speed at which 
the outer layer of grinding media will just centrifuge, assuming no slippage 
between them and the shell, is called the critical speed/’ This value is given 

54 18 

by the equation y — * > where N is the critical speed in revolutions per 

X'R 

minute and R is the inside radius of the mill in feet, usually not corrected for 
ball disc. Computed by (his formula* the critical speeds for mills with inside 
diameters of 3, 4, 6, and 9 feet will be 31* 27* 22, and 18 revolutions per minute, 
respectively. Operating speeds are commonly expressed in revolutions per 
minute but are often oxprea^d as per cent of critical speed. 

At low speed.** the grinding media will roll and slide o\'er one another in a 
mass near the bottom of the mill, giving a so-called “cascading action.” At 
speed** intermediate between these low speeds and the critical speed the media 
will be carried up to a certain extent and allowed to fall on the material in the 
bottom of the mill, which action is called “cataracting.” It appears that 
speeds ivhich give good cataracting action and (he accompanying free fall of 
balls are favorable to impact grinding, which means higher capacity and 
efficiency, whereas the slower cascading speeds give attrition grinding which 
means lower capacity and efficiency. 

Actual operating speeds of ball mills range from about 55 to 85 per cent of 
critical speed. Within these limits capacity and power consumption both 
increase with speed. In general, lower speeds are better for most economical 
power and steel consumption where capacity is sufficient; for high capacity 
of fine product, higher speeds are used (see Tables 15 and 16). Pebble mills 
are operated at higher speeds than ball mills, or from 85 to 100 per cent of 
critical speed Rod-mill speeds are somewhat lower, around 50 to 55 per cent 
of critical speed. 
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2. Sue of Feed and Pulp Density.—The maximum site of oro particle fed 
to ball mills and rod mills has been decreased in the last few years by extending 
the field of intermediate crushing in Symons cone crushers or rolls so that the 
grinding units now receive finer and more uniform material, \yith feed under 
I inch, for example, a ball mill is used for a more rewonable ratio of reduction 
and will show considerably greater capacity and efficiency than one in which all 
sises from 1 or 2 inches down are ground fine at one time, which was the older 

practice. , , 

Pulp density ^'aries in practice over a wide range, averaging between 7U 
and 80 per cent solids by weight. Between reasonable limits it has a relatively 
small direct effect on grinding, except as it effects ball slippage, wear of steel, 
and pulp fiow. However, it has a rather important indirect effect on actual 
operation- If the volume of pulp in a mill is fixed by the pulp level and mill 
sise, the weight of ore in the mill at any time is determined by the pulp density. 
Thus the lower the pulp density is, the less ore there is in the mill at any time, 
and, for a given capacity, the faster the rate of flow of material through the mill 
must be. Moreover, the more ore there is in the mill at any time, the greater 
the likelihood of utilising to a maximum all the available crushing surface and 
interstitial space in the ball chaige. From a general standpoint it is usually 
desirable to maintain as high a percentage of solids as is consistent Trith good 
pulp fiow and lack of sticking and choking. 

3, Closed Circuii versus Open Cirtuil .—In continuous open-circuit operation 
the product dlschar^d from the mill goes direct to the next operation. In 
continuous closed circuits the mill discharges to a screen or cla-ssifier which 
separates out the coarse insufficiently ground portion to be returned to join 
the stream of original feed. This continuous coarse return forms the so-called 
circulating load.” Revolving mills are far from positive grinders, particularly 
in the fine-sise range, and will operate at highest capacity and efficiency in 
closed circuits. Open circuit is, therefore, a thing of the past, except for 
occasional use in coarse grinding where a definite maximum size of particle 
in the product is not a major factor. Table 12 shows sizing tests of the feed 
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and product of a 4- by 10-foot rod mill, grinding a dolomitic ore in open circuit 
at the rate of 340 ^ns in 24 hours. The mill uses 50 to 55 horsepower, and the 
rod consumption is 0.3 pound per ton of ore. 

In coarse grinding, down to 20 or 30 mesh, the circuit may be closed by a 
screen, as shown in Fig. 52. In most cases the mill is operated in closed circuit 
with a mechamcal classifier, as shown in Pig. 53. In the classifier, which is a 
wntinuous device for settling in water, the coarse material or sand settles to 
;^e bottom and is removed continuously while the fine material overflows 
Table 13 gives sizing and other data from closed-circuit grinding of a lead-zinc 
massive sulphide ore. The circulating load, or the sand returned to the mill 
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feed, varies in practice from under 100 per cent up to aa high as 700 per cent 
or more of the original feed to the circuit. Although operators are not in 
general agreement, it is believed that fairly high circulating loads are desirable 
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in ball milling from both capacity and efficiency standpoints. Rod and tube 
mills are better suited for low circulating loads, however. 


TASLE 13.—DATA ON SXNOLE-STAQB ORIKDINO CIRCUIT 
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OrianAl 
Peed. 1 

Bell Mill 
Dieeberfe. 

ClBMifier 

Sebde. 

ClBMifier 

Overflow. 

Hulp dcAiity. per ecot eolidi. 

! 

$6 

$8 

83 

Saline leeu. per eeot wel^tt 

On 1J )i\eb.. , . 

0 $ 

1 

On 1 inch .. 

5 4 




Oa 1 ineb . . . 

84.0 




Oa A p«b... . 

81.1 


1 


Ob 10 vrrb . 

10 6 


1 


Ob 20 flieeh ... 

4 0 




Ob 36 Bceh . . . 

6.8 




Oo 4$ ncob .... . 

Oo $6 neeb. . . 

j4.6l 

17.8 

16.8 

20.0 

18.1 

2.8 

Ob 100 neih., . 

11 

18 2 

13 7 

8.0 

Ob i60 m«h. . 

Ob 800 ttieb 

15.7 

11 a 

l$.$ 

19 6 

9.$ 

7 8 

Tbroueb 800 Beab. 

7.3 

80.8 

10.2 

80.8 

ToUl. 

1 tt.t 

166.6 

100.0^ 































PIfi/S GRINDING 


79 


4. Sioae Gnnding.—The advantoge of stage crushing m general holc^ tn^ 
in grinding. However, practice shows the use of l»th single-stage and tw<> 
8ta^ grinding for reduction to ordinary flotation sise of 60 or 80 mesh, and 
oc^ionally three stages for a very fine product. The adyoca^ of single 
stage claim the advantages of simplicity and easier control and operation. 
The respective stages are called “primary," “secondary, and tertiary, 
respectively. 

F/pwsh«e+1 Flowsheet 2 



Soil mill 6 by 12 Ft 
In closed cireoif 
wfrh two eioale- 
sfoqt cloMltlea 
eby^Of*. 



Boll mill 6 by 12ft. 
In closed circuit 
With fvvo single* 
stage classifiers 
6 by soft. 


Secondory boll mill 
6byf2ft 

In closed circuit with 
finishing bowl cigs* 
sifler buS^fi with 
22-ft.bowl 


Fig. St.^Orioding Bov sbseU. United Verde Copper Coap&ay. 


Flow sheet 2 in Fig. 54 shows the two-stage grinding circuit of one section 
of a mill treating an ore containing variable amounts of sulphides of copper, 
sine, and iron in a gangue of schist and quarts. The grinding cost is reported 
to be 16.39 cents per too. This flow sheet replaced the single-stage flow sheet 
1 shown in Fig. 54. Data reported for the two flow sheets are given in Table 
14, and it will be seen that the two-stage circuit shows a much finer product 
and lower power consumption. 


TABLE 14.—COKPARATTVB DATA ON SINaLB-STAOB AND TWO-STAGE QKINDINO 
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. 1 . and minerab differ among themselves in 

their relaUve gnndabihties. Accordingly, in passing an ore through a mill, it is 
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frequently found thnt soft ore conetituente are ground finer than hard ones. 
This action is known as ''differential grinding.” The differential action in 
grinding metal-sulphide ores is augmented by the acUon of the closed-circuiting 
classifier, which settles and returns for further grinding minerals of higher 
specific gravity at finer sizes than it does of the lighter minerals. This latter 
action becomes so pronounced in grinding ores containing coarse free gold 
which has a high specific gravity that jigs and other devices are used to take 
out this gold from the ball-mill discharge before it go^ to the classifier. 

6- Batch Grinding .—Except in laboratory work this is not practiced in ore 
dressing, but it does have some application in grinding ceramic materials and 
other nonmetallic products. The procedure is to charge the mill through an 
opening in the shell, adding the proper amount of water if the grinding is done 
wet- The opening is then closed and the mill run for the length of time neces¬ 
sary to reduce all the particles to the desired size, when the mill is opened 
and the contents discharged. A grating may be put over the opening to hold 
back the grinding media during the discharging operation. Batch grinding is 
very inefficient, especially from an ore-dressing viewpoint, because, in grinding 
to a definite maximum sise of particle, most of the product is excessively 
overground. 


TABLE 15.—SIZES AND CAPACITIES OP UARCY BALL MILLS 
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TABLE 16.—SIZES AND CAPACITIES OF RARDINOE CONICAL BALL MILLS 
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Sizes and Capacities-—T he general trend in grinding mills has been to 
increa.se individual mill capacity and size, particularly the diameter, to 
economize in floor space and initial plant cost- It is believed also that large 
mills may be more efficient, up to a certain point, in respect to capacity and 
power-consumption relationships. 

Three random examples of tube-mill capacities per 24 hours are 125 tons 
in a 5- by 22-foot mill grinding from 10 to 100 mesh; 25 tons in a 6- by S-foot 
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ujill grinding from 8 to 125 meeh; 60 tons in a 4.5- by 20-foot mill grinding hard 
siliceous ore from about 30 to 120 mesh. 


TABLE 17.—8I2B8 AND GAPACmBS OP ALLIS-CHALMBRfl BOD MILLS 
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Manufacturers’ data for Marcy mills, Hardinge conical mills, and Allis- 
Cbatmers rod miUs are given in Tables 15, 16, and 17. In these tables the 
figures for capacity, ball charge, and horsepower are for normal closed-circuit 
operation on ores of average hardness or average resistance to crushing, 
Sizes of Marcy mills are esrpressed by numbers in which the first figure is the 
approximate inside diameter in feet of the shell without liners, and the second 
figure is the inside working length. A No. 75 mill is 7 feet in diameter and 5 
feet long, inside the shell. Dimensions given for Hardinge mill are the 
diameter and length, respectively, of the cylindrical portion of the shell. Rod- 
mill dimensions are the inside diameter and working length of the shell. 


Ball Mills with Peripheral Screens 


A ball mill of this type is shown in figs. 55a and 555. Instead of a lining, 
as in the tube mill or usual type of ball mill, this mill is provided with die plates 
of steel around the circumference. The ore ground by the action of the steel 




pa«es through spaces between these die plates upon a screen surrounding 
the cylinder. The undersise passes through this screen; the oversize is 
























Fio. 66.—Priaciplf of oporoMon of Hordmto^Hadfo) aiU. 

which is fed automatically from the bucket wheel at a point about halfway up 
the mill* and the classifier oversise return joins the original feed introduced 
at the bottom of the drum. At the Beebe mill in California a drum 24 by 
4J feet, making 2.67 revolutions per minute, reduced 210 tons in 24 hours from 
8-inch maxi mum size to 80 mesh, using 95 horsepower. 

Roller Mills 

Roller mills now find their chief application in commercial grinding of soft 
materials, although at one time roller mills of the Cliili and Huntington types 
were widely used in ore dressing. In these machines grinding is accomplished 
by a roller running on a circular die, w'hich crushes the ore mainly by pressure, 
accompanied by some abrading and blows. 

Chili Mill. —Figure 57 shows a modern ty^ of Chili mill. The feed 
enters at the top, being received in a hopper which is fastened to the spider and 
revolves with it. The feed passes from the hopper by way of pipes which 
deposit it directly in front of the rollers tra%'eling around a circular path. 
Following each roller is a scraper w'hich breaks up the layer of ore on the 
circular die and enables the next roller to exert its full crushing effect. Sur¬ 
rounding the die is a circular screen about 1 foot high. The size of the opening 
in this screen determines the fineness of grinding of the machine, as a particle is 
retained until it is crushed fine enough to pass through the screen. Water is 
fed with the ore to flush out fine mater^ and aid in crushing. Mills of this 
type having rollers running in a circular enclosure on a base or die are termed 
'^edge runners.” The action of the edge runners combines true grinding or 
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abrdflion with rolling pressure. The center of the roller is rolling upon the 
fragments wbOe the two margins are sliding upon them. A 6-foot mill of this 
type will crush 100 tons of fairly soft ore per ^ hours, reducing the same from 
J inch to 30 or 40 mesb. When run at slow speed, the Chili mill is a good 
imalgamstor as well as grinder. 

l^E Huntington Rollbb Mill. —This mill crushes by the centrifugal 
force of steel rollers revolving against the inner surface of a horizontal steel ring 
or die. The rollers rotate on vertical spindles which are suspended from hori¬ 
zontal arms driven in much the same way as the spider of the Chili mill. A 
circular screen surrounds the die and retains the pulp until it is crushed to the 



desired fineness. It is confined to about the same field of work as the Chili 
mill and cannot crush feed much coarser than } inch. The machine has a 
number of mechanical weaknesses, and the running cost is high as compared 
with stamps or rolls. At the present time it is very little used, although much 
favored in the past. 

Ratuond Rollbe Mill. —This operates on the same principle as the 
Huntington mill but is run dry and is much used in grin^ng co^ and relatively 
soft materials. 

A four-roller mill of this type is shown in cross section in Fig. 58. The 
material to be ground is fed to the mill from a storage bin through the spout 
S into the automatic feeding mechanism F. It must be reasonably dry and 
crushed 1x) i- to ll-inch sise, depending upon its hardness and nature. The 
automatic feeder F is of the roil type, provided with four pawls so that ten 
rates of feed may be obtained. The feeder delivers the material to the grind- 
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B“ '!?“?*''’ manganese-steel plows P and thrown 

up between the rollers R and the puivenang or “bull ring" B. One of these 

u ToUer, so that a constant stream of material 

ao’i the ring. The mill shown has four rollers, but 
thxs t^e of mill IS also made with five and six rollers. 

ground material from the coarser particles is 
constant stream of air drawn through the by an 
exhaust fan. The stream of air enters the mill through a series of taneential 
openings around the base of the grinding chamber and passes upward around 



FxO. SS.^Rnyaond rollw aill- 


the roller R and the bull ring B. In passing up, it carries with it the finely 
pulverized matenal from the grinding chamber into the separator located above 
the mill. The coarser and heavier particles fall back and are thrown up by 
the plows P, to be reground until reduced to the desired fineness. No fine 
material remains in the grinding chamber to clog the mill and to prevent con¬ 
tinuous operation on coarse material. In order to reduce the amount of surplus 
air entering the mill, it is nccc«.sary at all times to keep a considerable amount 
of matenal in the spout S leading from the storage bin. If the mill is fed at 
the proper rate, which can be governed by adjusting the feeder F, each plow will 
throw a constant stream of raw material between the rolls and the bull ring 
and the mill will run quietly and at full capacity. 

These mills are made with two to six rollers. They are applicable to coal 
y^her soft materials, the feed being from J inch maximum up to Ij inches 
and the product usually 95 per cent through 100 mesh, although grinding may 
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much finer. It is rather bard to give capacities, because materials 
vary so greatly. Even on standard materials, such as coal and limestone, 
capacities may vary from 10 to 20 per cent on material from different mines. 
Capacities are almost directly proportional to the number of rollers in the mill, 
^ct on an average grade of coal or limestone the capacity is about 1 ton per 
roller per hour when grinding to a fineness of 95 per cent through 100 mesh, 
power requirements for the two-, three-, four-, five-, and six-roller mills are, 
respectively, 45 to 50, 55 to 60, 75 to 80, 85 to 90, and 110 to 115 horsepower. 
Talc is usually ground to 99 per cent through 200 mesh, and the capacity on 
ordinary Vermont talc is i ton per roller per hour. If the fineness is 99-5 per 
cent through 200 mesh, this capacity is cut down to aa low as 0.35 ton per roller 
per hour. 

A complete plant consists of a grinder in closed circuit with an air separator, 
suction fan, and cyclone dust collector. 

To show the effect of fineness of grinding, tests on stibnite, which is a rela¬ 
tively soft mineral, showed that a five-roller mil] would grind 6 tons per hour 
to 80 per cent through 100 mesh, using 15.5 horsepower per ton; or 5 tons 
per hour to 95 per cent through 100 mesh, using 16.1 horsepower per ton; or 4 
tons to 90 per cent through 200 mesh, using 18.2 horsepower per ton; or 
2,2 tons to 99 per cent through 200 noesh, using 29.9 horsepower per ton; or 0.7 
ton per hour to 99.9 per cent through 350 mesa using 57.8 horsepower per ton. 

luPACt Pulverizers 

Tss swiNO-aAMMBR PULVERIZER is used in crushing materials such as 
bituminous rock, coal, graphite, asbestos rock, shells, etc. A blow struck in 
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space effects the crushing. The beater arms B (Fig. 59) are hinged by the steel 
rod ff, which has a head at one end and a collar and cotter at the other, to the 
spider £>, driven by the shaft jS, revolving at speeds varying from 700 to 
1500 revolutions per minute. The screen bars are seen at M and are held in 
position by the spacing racks N. These racks may be removed and changed 
to vary the distance between the screen bars. The dry feed enters the machine 
at the top, at such a point that it is struck downward by the beater arms as it 
enters, and none of it is ejected except through the screen below Table 18 
shows data on various sizes. 

The Torrey Cyclone is a vertical type of beating machine designed for 
asbestos rock up to 3-inch maximum si*e. An enclosed vertical housing with 
mangane^twl hners contains a vertical shaft making 1100 to 2000 revolutions 
per mmute. On this shaft near the top is a set of vanes or rigid impellers, and 
another set is near the bottom. Ore is fed upon a distributor plate at the top 
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TABLE 18.—SI2E8, CAPACITIES, BTa, OP HINGED-HAMMER CRTJ8HER 
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and then falls into the impact chamber where it is hurled by the impelled and 
bounced back by the liners, breaking the rock and liberating the asbestos fiber 
without cutting It, and finally dischai^ng at the bottom. A 17-horsepower 
motor will run a Torrey Cyclone for an output of 12 to 15 tons per hour. 

* The Jumbo MILL, also used in fibexising asbestos rock, is somewhat similar 
to the I orrey Cyclone except that the shaft is horisontal and there are several 
sets of ngid impellers in the housing which is 6 feet long and 3 feet in diameter. 








CHAPTER Vn 
LAWS OF CRUSHING 

PcNDAMENTALS.—An understanding of crushing fundamentals is of impor- 
t^ce in ore dressing as a basis for improving present comminution methods 
and developing new ones to achieve two general purposes: (1) reduction of 
crushing and grinding costs and (2) production of material better suited for the 
concentration processes. 

Crushing and grinding costs represent a large fraction of total milling costs. 
Power for comminution in modem mills usually accounts for well over half 
of the total power consumed In milling. For evaluation of crushing efficiency 
from the viewpoint of power consumption it is desirable to have a measure of 
the mixumuni or theoretical energy of crushing for comparison with actual 
energy input to the crushing system. 

Specific processes of concentration as a rule are of such nature that they 
show maximum metallurdcal efficiency over relatively limited ranges of 
particle size. Thus, for this discussion, suitability of a crushed product as 
for a subsequent concentration process (assuming satisfactory liberation) 
is determined by the particle^se distribution of the product. The laws of 
size distribution of crushed products and the effects of various factors in the 
comminuting operation and machine design on size distribution arc thus quite 
as important as the absolute physical efficiency mentioned in the preceding 
paragraph. Moreover, it will be brought out later that the crushing efficiency 
and the size distribution are closely related. 

Grinding results are affected by certain of the physical properties of the 
material treated. These properties will be shown to have important bearings 
on the energy required for crushing and on the distribution of particle sizes 
in the product. If the same ore is crushed in different machines, or even in the 
same machine with different adjustments, further variations, in both energy 
consumption and particle-size distribution, will be observed. Accordingly, 
practic^ application of the laws of crushing requires adequate understanding 
the effects both of the physical properties of the material crushed and also of 
the crushing mechanism itself. A discussion of their relations to the theory 
of size distribution and to the theoretical energy of crushing la, therefore, in 
order. 

Physical Properties op Mineral Crushed 

Practically all ores are heterogeneous in that they have lines of weakness 
such as the boundary surfaces of the constituent mineral masses, the cleavage 

E lanes in mica, grain boundaries of sandstone, and so on, as contrasted with 
omogeneous material which is lacking in such structural features. This 
heterogeneity has a direct bearing on the results obtained in ore comminu¬ 
tion. Homogeneous material will break equally well in any direction, 
but a heterogeneous ore of granular or laminated structure will offer weaker 
points of rupture at the grain boundaries or along the laminated planes than 
across the grains or across the laminae. Such a condition in a granular ore 
results in a tendency for preferential breaking to a certain size near the average 
grain size of the original ore. 


87 



88 


TEXTBOOK OF ORE DRESSING 


When an ore is crushed which contains different minerals, a differential 
crushing or grinding frequently results. Table 19 of sizing tests on the product 
oniained in crushing a Missouri lead*sinc ore shows that the galena is crushed 
toer than the gangue and the blende is crushed coarser than the gangue 
in^ differential crushing ^d other complicating factors make it desirable to 
study crushing first from the simpler viewpoint of homogeneous material, and 
then to carry the results over to heterogeneous material with proper provisions 
and reservations. t' ^ f 

TABLE 19.—SUING TESTS ON A COARSELY CRUSHED LEAD-ZLNC ORE 



Oro. 

Pomat. 

GolfBO. 

Pereont. 

Dlcode. 

Porceot. 

Ob 4 (»Ttr Al mm.) . 

95 A 

11 E 

64 

4 OD U 2.43 mm.) . 

91.1 

ii * 0 

JO 0 

JO 

40 

Tbro«h 8 on iOmmh (3.48 eo 148 . 

4 9 

7.8 

10,0 

85.0 

5 A 

A 

Throu«b 10 on 80 mmh (I.M to 0,88 mm.) 

3 3 

id 

ft 

T^ii«b 20 on so Mb (045 lo 0.585 mm.) 

7 3 

Tbroucb 30 06 40 BMBh (0,595 U 0.874 niB.> .. 

4.8 

1,4 

7,0 

o 

A 

Throueb 40 on 80 mmh (0.874 to 0.171 an. >... 
Throucb 80 on 100 mah ro }7I A •... s 

4>.M 

0.7 

10.0 

ft 

4 

4 

Throurb Ifiri ibm>i m im A % 

Tnrtl 

15.0 : 

80.0 ; 

4 


M.8 

100.0 1 

100 


The relation of cashing characteristics of minerals to their physical proper- 
ties, mentioned bnefty in Chapter I, may now be re\dewed from a slightlv 
different viewpoint. ^ 

The physical properties of minerals which are related to crushing character- 
istics are chiefly those defined by Dana (“Textbook of Mineralogy’^) as “char- 
actew depending on cohesion and elasticity.” Hence it seems convenient and 
simple to define resistance to crushing in the same way, as a character depend¬ 
ent on cohesion and elasticity, keeping in mind that cohesion and elasticity are 
exemplified in various ways by the commonly observed characters of hardness 
tenacity, brittleness, fracture, cleavage, etc. Cohesion represents the forct* 
of attraction between the molecules of a given body, in consequence of which 
the molecules offer resistance to any influence tending to separate them as in 
the breaWng of a solid body or the scratching of its surface. Elasticity is the 
force which tends to restore the molecules of a body back into their original 
position, from which they have been disturbed, as when a body has suffered 
cliange of shape or of volume under pressure. 

Determinations of the resistance of minerals to crushing have been made 
in the laboratory by using a falling ball as a crushing device, expressing the 
results obtained in units of work required to accomplish a given size reduction 
of a unit weight of mineral. The work input of this simple crushing device is 


TABLE 20.—CRUSHING RESISTANCE AND HARDNESS OF MINERALS 


Mi&orW. 

RcMlnnc* to Crvobln^. 

Bordnoas. 

Work Requirod net 
Unit Voluao (or 
GlTtl &M 

Roduction. 

Work Rrouirod nor 
Uikit Weiibt (or 
GiV96 MM 
Rodurtion, 

Selcrooeop*. 
leebw Rrbotind 
(roa lO^Dob 
Drop. 

Minernlosionl 

6(tal«. 

Quortc. 

PyriU . 

1.00 

0.79 

0.91 

0.83 

1.00 

0.48 

0.81 

0.88 

0.07 

7.37 

0.04 

0,57 

0.88 

8.04 

1 

7.0 

0.2 

8.7 

9.3 

8.0 

vbnJonu.. . 

Ctldu. .... 


0.19 1 
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easily calculated from tha weight of the falling ball, its height of drop, and the 
number of drops. The results obtained by Gross and Zimmerley, based on 
an arbitrary v^ue of 1-00 for quartz and expressed both per unit volume 
per unit weight, are shown in Table 20. The last two columns of the table 
give the hardness of the minerals by the scleroscope and mineralogicai scale, 
respectively. It will be seen that there is a definite relationship between the 
hardness of a mineral and its resistance to crushing. 




Croshing Mschanisu 

Reduction in size is accomplished by application of pressure to rock 
particles, usually applied sufficiently rapidly to be termed “impact,” or by 
abrading. 

Impact gives an almost instantaneous application of compressive force on a 
rock particle sufficient to cause breaking into fra^ents. If pressure is applied 
slowly, as in a testing machine, a value may be obtained for the pressure neces¬ 
sary to cause rupture, or the compressive strength of the rock. This value 
is not of direct significance in breaking by impact because the instantaneous, or, 
more strictly speaking, the extremely rapid rate of application of pressure in 
impact, may give a different type of rupture, depending on clastic and plastic 
deformation relationships. As will be 
brought out later, the type of deformation 
produ ced du ri ng crush i ng has a d i rec t bca r- 
ing on the theoretical energy of crushing. 

Abrading occurs when two objects or 
surfaces slicle on each other. The product 
of reduction by true abrading thus is ex¬ 
tremely fine, and the rate of reduction by 
true abrading is a function of rock hard¬ 
ness and hardness of grinding surface. In 
the sO'Called abrading or attrition grind¬ 
ers, however, it seems likely that the 
amount of material truly abraded should 
be of the same order of magnitude as the amount of wear of the metal grinding 
surfaces, the actual comminution mechanism being one caused by combination 
shearing and compressive forces, as lodicated in Fig. 60. 
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Distribution or Sizes in a Crushed Product 

Several workers have investigated the size distribution of particles in 
crushed and ground materials and have attempted the formulation of empirical 
laws governing particle-size distribution. A large part of this work has 
involved the application of analytical methods of statistical mathematics and 
hence cannot be treated in any detail here. The reader is referred to the 
original works of Martin,* Gaudin,* Weinig,* and others. However, certain 
useful generalities may be abstracted from some of this work. 

The distribution of sizes in a sample of crushed product is determined by a 
screen or sizing analysis in which the sample is divided into a number of frac¬ 
tions by screening in the sieve-size range down to about 200 mesh and by 
elutnation in the sub^sieve size range below 200 mesh down as fine as 2 or 3 
microns. The great importance of sub-sieve sizing below' the finest screen 
avaUable has come to be appreciated within the last decade, and elutnation 

* of Me Ceramic Society, vol. 25, 1926. 

Amerwn InetiiuU of Mining and MetaUurgical Engineers, vol. 73, 

* Coiorado School of Mines Quarterly, no. 28, 1933. 
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sizing has been a major contributing factor in the successful solution of grind¬ 
ing and other problems. The technique of siting and elutriation testa is 
discussed in a later chapter under Ore Testing. 

The fractions obtained by screening and elutriation each range in sise 
between an upper and a lower limit. They are weighed and recorded opposite 
the resi^cUve size limits, as in Table 21. The sizes at which the separations 
are made are customarily chosen so that consecutive sizes have a constant 
geometrical ratio to each ot her throughou t the series. The so-call ed Ritti nger 

ratio ” of %/2 or 1,414 for diameters is the usual standard. It is the same as a 
ratio of 2 for areas of cross section. 


TABLE 21.—SIZE ANALYSIS OF A GBIKWNO-CIRCUIT PRODUCT 


Particle S(t«. 

Weight 

Per Cent. 

Comulotivo 
Weight Per Cent. 

Me«h. 

Mieraiu. 

OaAS.. 

Orar909 

0 0 

A A 

Oo 100. . 

149 to 900 

0 7 

V * V 

A 7 

Ob 150 

104 U 149 

2,2 

V « 0 

2 A 

Oa 200. 

74 10 I0« 

K 9 

V «w 

A A 

Oa 290*. 

52 to 74 

br * 4 

11.0 


Ob 400 

17 io 92 



On 500. 

20 to 97 



On 900. . 

19 to 20 


07 i 

On 1120.. .... 

12 to JO 

9.9 

7fi 1 

Oa 1000... 

9 to 19 

9.2 

M 4 

Oo 2240. 

9 to 9 

4.0 

o 

2 

TKreugb 2240 . 

Bolow 0 

12.9 

QO * A 

100.0 


„ • M««b fife* b«ic« 200 th«9rcUe*l mfb M Ibe bub tb4t tb« ratio of nrah 8is« to oetuAl 

diABtter eontlouei tbt ma» m tbot for (b« 10(V tod 20CKto«b •eraoof. 


Particle-sub Distribution op Crushed Homogeneous Material.— 
In general, if the product of a comminution operation on a given sized homo¬ 
geneous feed material is subjected to a sizing test and the results plotted in 
suitable units, the curve will approach the general shape shown by plot a in 
Fig. 61. To obtain this form, it is necessary to plot logarithm of percentage 
against logarithm of size, or equivalent units of each. 

The coarse range is characterized by a cun'e or partial loop showing a 
maximum, whereas in the fine range the plot closely approaches a straight line. 
The straight-line relationship in the finer sizes is perhaps the most significant 
and useful characteristic. According to CaudinB work on the subject, the 
elope of this line ^'arics with the nature of the material and with the range, 
amount, and kind of size reduction which the material has undergone. 

An ideal comminution operation, from the practical viewpoint, would 
give a product of uniform size with all the particles lying between the upper 
and lower size limits of the range most suitable for the subsequent concentra¬ 
tion process. However, this ideal is not attainable, because, oy \irtue of the 
nature of particle fractures, distributions similar to that show'n by a, Fig, 61, 
are obtained even with the most carefully applied crushing forces. It is quite 
practical in the usual crushing and grinding operations to keep substantially 
all particles in the product below the desir^ upper size limit, but invariably 
a certain part of the ore is made finer than necessary, as shown by the straight- 
line portion of the size-distribution curve. The minimum of overcrushed 
or overground fines corresponds to the maximum slope of this straight-Une 
portion of the curve. Hence knowledge of the relations of various operating 
factors to this slope is of considerable practical use for crushing with minimum 
power consumption and for obtaining the best concentration. 
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Roll-crushing tests on galena and quarts, respectively, showed that the 
slope of the straight line for a given sise reduction was less for galena than 
for quart*. This is in accordance with the fact that galena produces more 
fine material than quartz in crushing under given conditions, and, moreover, 
measurement of the sloi>e gives a roi^h numerical measure of the sliming 
effect. The more resistant a mineral is to crushing, the steeper will be the 
elope of the line and the less will be the production ol slimes. 

The greater the ratio of reduction attempted, the flatter the slope of the 
line becomes. This relationship brings out the advantage of stage crushing 
and grinding and shows that the more stages there are, that is, the lower 
the ratio of reduction per stage is, the less very fine material is produced. 
Stage grinding thus is shown by this method of analysis to be a practical means 
of reducing useless expenditure of work in overgrinding. 

In grinding in a revolving mill the slope of the line decreases with increase 
in time of grinding, indicating production of greater proportion of fines; 


g 

w 

u 

£ 

s 
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a.—Homos«B»oiji rock. 

Fig. diaihbuUon of 

Gaudin’s results in a rod mill showed a linear decrease of the slope value with 
increase in logarithm of time of grinding. Interpretation of this relation 
affords a basis for evaluation of the effect of high-circulating loads in reducing 
overgrinding» for, with a given quantity of feed to a grinding circuit, increas¬ 
ing the circulating load decreases the time that a given particle remains in the 
mill. 

According to Bond and Maxson, the steepest slopes of the fine-size dis¬ 
tribution line are obtained in roll crushing. Gyratory- and jaw-crusher 
products show somewhat lower slopes, and ball and rod mills show slopes 
considerably lower still. Gravity stamps would probably show about the 
lowest slope of any machine. 

In grinding in a ball mill, if the feed is too coarse with respect to the size 
of balls, the curve may be expected to show a hump, characteristic of abrasion 
fading, as by h, Fig. 61. In all grinding a smaller similar effect in the fine 
sizes should be ol^rved if the amount of abrasion or attrition grinding talring 
place 18 appreciable. 

Products from Hbtbrooenbous Material. —With heterogeneous 
material the picture is somewhat complicated by the introduction of new 
factors. A given constituent may preferentially tend to break to the grain 
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aiae of the onginal i^tenel, producing a hump in size distribution as shown in 
plot b ^ Fig. 61, Gr^n-cementing material may cause a hump in the fine 
sizes, although It is subjected to no grinding action. If two or more con- 
sutuents of different properties are present together, the composite sizing 
analysis of the ground mixture will deviate from the behavior described in 
the last section to a greater or lesser extent- 

WoRK REQuiRen for Crubbino 

For evaluation of crushing efficiency, apart from any consideration of the 
actual mente or faults of the products produced, it is necessary to have a 
theoretical b^is for estimating the relative amount of energy involved in a 
given size reaction. The Riitinger theory has in recent years been verified 
experimentally and is now generally accepted as a valid law of crushing 

Rittinoer Theory.— This states that the work done in crushing is pro* 
portional to the area of new surface produced. The work, therefore, increases 
in geometneal ratio as the particle sise of the product decreases. It can be 
shown mathemati^lly that, if t Ukes X units of work to break a ton lump of 
ore into finch cubes, it wiU take 2X units to A inch, 4A: to * inch, and so on 
this relation, Martin, in England, and Grow and Zimmerley, 
m the Umted States, measur^ the net energy input in crushing samples 
of quartz sand, de^rmining the surface area Wore and after the crushing 
by a chemical-dia^olution method, based on the fact that the rate of reaction 
of ^artz with ddute hydrofluoric acid under fixed conditions is proportional 
to the surface area of the quarts and independent of size or shape of the par¬ 
ticles. Both Martin, and Gross and Zimmerley, by somewhat different tech- 
niques found the proportionality of work input and new surface to hold within 
the iiimls of expenmentaJ error. 

It is more practical, although not so accurate, to estimate surface from 
sizing analysis data, making the necessary assumption of uniformly .shaped 
particles- For either cubical or spherical particles the total surface area per 
unit weight of particles of a given diameter is inversely proportional to the 
particle diameter. This is shown by the following derivation, assuming cubical 
particles: 

Let d « particle diameter. 

D * particle density. 


Particle weight « d*D 
Number of particles per unit weight » 

Surface per particle ■> 

Therefore, 

Surface per unit weight * 5 ^ X 

The proportionality factor between energy and surface in the Rittinger 
theory is not known except for the quartz sand, mentioned above; accordingly 
the theory is used for determining relative crushing efficiency and for com- 
panson of crushing efficiencies. When this is done, the actual value of the 
surface unit used does not need to be known. A convenient arbitrary unit 
may be selected. Coghill has found it convenient in practical work based on 
sieve tests, to take the unit of surface as the surface of 1 ton of rock of a size 
just retained on a 26.67-mi dimeter screen, the largest aperture screen of the 
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customary Tyler testiug series. The screen apertures in this series decrease 
in the ratio of \f2 or 1.414; hence the number of surface units per ton of rock 
of each succeeding sise increases in the same ratio. From this relation the 
proper surface figures are assigned to each sise fraction of a sample. Thi.s is 
shown in Table 22, which also gives the sising tests of the feed and product 
of a rod-miJI operation and the calculated units of surface of the ore before and 
after grinding. The calculation is made on the basis of 100 tons and the sizing 
test figures of Weight Per Cent are therefore the tons of each size. The Units 
of Surface for each sise are obtained by multiplying the Relative Surface per 
Ton by the number of tons or Weight Per Cent. The column is then totaled 
and divided by 100 tons to get the average surface per ton. This average i.s 
21.88 before grinding and 145-67 after grinding. The difference of 123.70 
represents the new surface units produced per ton by the grinding. This 
particular rod mill was grinding 340 tons in 24 hours, or 14.2 tons per hour, and 
consumed 50 horsepower. The total surface tons produced per hour is 14-2 X 
123.79 or 1757.8, and the relative crushing efficiency is 1757.8 4* 50 or 35.2 
surface tons per horsepower-hour input to the mill. This figure is of practical 
interest to the operator as a quantitative relative measure of the crushing 
efficiency. It may be used for comparison with tests executed under different 
conditions, the results of which are expressed in the same way. To get the 
correct higher figure from the exact application of the Rittingcr theory, it is 
necessary to know just what part of the 50 horsepower input is utilized in the 
actual rupture of the ore. 


TABLE 22,—CftUSHIKOBFFICIENCY CALCULATIONS FROM SCREEN-ANALYSIS DATA 

ON A ROD-MILL QRINDINO OPERATION 


TrUr PtrtJ<k SiM. 

I Surfae* 

UMb. Millineter*. 


Rod'Aill pMd. 


W.iAi 

’•r C«ai. 


l.O 

II « 1.4 

II.» S.O 

• .421 2.1 

I.ISO 4.0 

4.090 0.7 

3.327 S.O 

3.m 11.3 

1.031 10.0 

I.IOI 22.0 

0.333 32.0 

0 039 40.2 

0.417 34.0 

0,205 90.0 

0.203 123.0 

0.117 III 

0.104 200 

0.074 332 

-0.074 012 



Averse* •urlftc* D«r ton 


0.0 
2.9 
1.8 
0.3 
0.0 
0,0 
0 
0 


100 . 


UniU of 
Surfoco. 


0.0 

0.0 

0.0 

0.0 

10.0 

03.3 

141,0 

211.0 

203.2 

323.2 
297.0 

271.2 
130.0 

too.3 

102.4 

90.0 

0.0 


P«r Cent. 



Rod>niU Product. 


Uniu of 
Surfftco, 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.3 

43.2 

241,8 

000.0 

322.0 

700.0 

733.0 

627.2 

941.2 
1.049.0 
1.049.8 
7.732. 4 

14,060.7 

140.07 



12.0 

8.1 

4. 

0. 

9 

2 

4, 

1 

9 

2. 


This method of calculation again demonstrates the rapid increase in power 
required as crushing gets finer. For example, the surface increase in size 

1 (26.67 millimeters) to about 

i inch (6.68 milhmetem) k 4 - 1 « 3 units, whereas, a reduction of the same 
quantity from about*inch (6.68 millimeters) to 10 mesh (1.65 millimeters), an 
equal reduction ratio, mvoh'es the production of 16 - 4 » 12 units of surface. 
Moreover, from the discussion of sise distribution, it is known that the finer the 
range of reduction, the larger the proportion of unnecessarily fine material 
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which is un&voidably produced. These factors, together with the inherent 
decrease in efficiency of comminution with decrease in particle size, largely 
account for the very high power consumption of fine grinding as compared with 
coarser crushing in actual practice. 

Physical Basts op Rittinosr Theory. —To illustrate the underlying 
principle of the proportionality of new surface and energy, we may take a simple 
hypothetical example. Assume that a rock is broken by an instantaneous 
application of a tensile force, as Indicated in Fig. 62, the break occurring in a 
plane perpendicular to that of the applied stress. The force necessary to 
rupture the rock equals the product of the area of rupture by a constant whose 
value is characteristic of the material and of the rate of application of force. 
Making the rational assumption that the distance through which the force 
must act to produce rupture is independent of the surface, force times distance 
pves energy of rupture proportional to surface of rupture. This line of reason¬ 
ing is not strictly rigorous, but it confirms the Rittinger theory without intro¬ 
ducing any of the complicating factors which would have to be considered in 
a lengthy rigorous proof. 

Actually the force applied in crushing is a compressive 
one, tvhich must resolve itself into forces acting against the 
cohesion of the material, or tensile forces. This resolution 
into direct breaking forces is accompanied by some loss of 
energy due to external friction (among the fragments) and 
internal friction (molecular). The external friction among 
the particles is lessened by free discharge of the ore as it 
becomes reduced to the size wanted, and this depends some- 
what on the area of discharge provided in the crusher design. 

The internal or molecular friction is measured by the 
plastic deformation of the ore particle. Deformation is the 
adaptation of the ore under stress, without breaking, to a 
new shape. If the ore retains its new shape after the force 
is removed, the ore has undergone plastic deformation; if 
it returns to its former shape, it nas undergone elastic 
deformation. The amount of plastic deformation which 
takes place depend.s on the rate of application of the stress. 
Instantaneously applied stress will dccrea.se the amount of plastic deformation 
to a great extent. The energy consumed in plastic deformation is related to 
Kick’s law*. 

Kick’s Law.—T his law is stated as follows: ‘‘The energy required for 
producing analogous changes of configuration of geometrically similar bodies 
of equal techno tope state varies as the volumes or weights of these bodies.’’ 
Translated into simpler language, this means that, for any unit weight of 
ore particles, the energy r^uired to produce any given reduction ratio in the 
volumes, or a corresponding reduction ratio in the sizes of all the particles 
in the mass, is constant, no matter what may be the original size of the par¬ 
ticles. Thus, in a calculation of crushing efficiency baaed on a screen analysis 
made according to a constant size-ratio sieve scale, such as illustrated in Table 
22, the energy associated with each size according to Kick’s law, instead of 
increasing with size reduction in geometrical progression as the Rittinger 
theory requires (1, 1.414, 2, 2.828, 4, etc.), would increase in arithmetical 
progression (1, 2, 3, 4, 5, etc.) down the standard-sieve series. 

The Rittinger theory is now generally accepted as the true crushing law, 
and the Kick law is understood to apply only to plastic deformation within 
the elastic limit, which under ordinary crushing conditions consumes only a 
very small part of the total energy of crushing. 
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PRAcncAL Application op Laws of Crttshing 

The size-dUtribution law and the Rittinger theory offer a b^i^orjbe 

bd mi ls determined the useful grinding efficiency by cairying calculat ons 
of surface and surface tons only down to 65 or 200 mesh, the limits of actual 

”*®*An^av^«|a«o^“orm^^'for improving gold recove^ Xin^ill^stmtes 
mill for which the flow sheet and data are given in Chapter XIII, “lustrates 
the practical application of crushing la\vs- Laboratory resuite showed that 
miiUesults could be improved by the addition of ^ 
before adopting the step in actual milling operation, it wm ^ 

what would be the operaUng cost of the addiUonal 

use would be justified by the addiUonal saving m gold. The unit cost of 
surface formation in the tertiary stage of the mam 
readily calculated from the known cost of that operation and 
of new surface it produced as determined by elutnation sising of the feed and 
oroduct- Also the required amount of surface formation m the grinding 
sten under consideration was readily calculable from the laboratory data. 
The cost of the regrinding step was then estimated by combining the known unit 
cost of surface formation and the required amount of surface formation. Al ter 
the installation was made, the actual operating cost figures checked those 
estimated by the method outlined above to within 2 cents per ton. 

The sise-dlstribution and energy criteria discussed in this chapter snouJa 
be useful tools in various other ways in crushing and grinding practice jn exper¬ 
imenting to improve the quality of product and to decrease the cost; selection 
of proper crushing machine and determination of best operating conditions, 
ratio of reduction, stage reduction, and circulating load; machine design 
and improvement; and development of new crushing principles and machines. 

To go a step further, the foregoing factors have application in determining 
the extent or practical limit of crushing which is an important item in all con¬ 
centration and particularly in comparing single-stage concentration with 
graded concentration, In single-stage concentration the ore is reduced to 
such fineness that most of the particles are free mineral, and a single step of 
concentration produces finished concentrates and tails. In graded concentra¬ 
tion the first reduction of the ore is not so fine, but it reaches a point where a 
worth-whiJe amount of finished concentrates or tailings or both can be 
concentrated out. The residue or middling is further crushed for the second 
step of concentration which may be the final step or may even make a middling 
residue to unde^o a third reduction and final step of concentration. The 
process of graded crushing and graded concentration is more complex and 
requires more machines and more labor, but it cuts down the amount of slimes 
and the crushing cost is less because the removal of finished products in the 
coarser stages decreases to just that extent the amount of matenal that has 
to be reduced to the fineness of the final stage of concentration. Flotation 
has lessened the a4dvantages and consequenUy the use of graded crushing 
and graded concentration, although the use still continues in practically all 
gravity concentration plants and occasionally in a flotation plant. 

^ C. G. McLacblam .—TranMdwns cf the Ameriean ImlUule Mining andMelailurgicoi 
Enginters, vol. 112, p. 586, 1964. 
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PRELIMINARY WASHING AND HAND SORTING 

Separating is generally divided into preliminary, final, and auxiliary work. 
The preliimnary machines (log washers, screens, and classifiers) are, as a rule, 
unable to do fished work; they simply divide the ore into a set of preliminary 
products, which are well suited for treatment by the final or finishing machines 
(picking tables, jigs, shaking tables, vanners, slime tables, magnetic separators, 
etc.). These latter machin« separate the valuable minerals from the waste, 
but they often yield rmddiing products needing further treatment. These 
middling products may be made up of either or both of two classes of grains: 
(1) “included grains," that is, grains in which the particles of valuable mineral 
are attached to or included in particles of gangue; and (2) “unfinished grains " 
that is, grains which are composed wholly of valuable mineral or of gangue 
but which have escaped separation owing to th«r shape or relative size. 

PRELIUIKARY WaSHERB 

Pr ELI WIN ART WASHERS include trough washers, log washers, wash trom¬ 
mels, washing pans, and hydraulic giants. Th«r province generally is to 
disintegrate and float adhering clay or fine stuff from the coarser portions. 
The latter may or may not be turned over to other processes for furtlier con¬ 
centration, Some forms deliver the coarse and fine products separately; others 
do only the work of disintegrating and require a subsequent machine to make 
the separation. Machines of this class find an extensive use in the washing of 
iron ores, phosphate rock, and sometimes coal and various other materials. 

The di.sintegrating is done by using a considerable amount of running water, 
aided by some form of stirring device. These same machines arc some¬ 
times used to enrich partly concentrated products. These washers are of 
three classes: 

1. Those using hand tools for stirring: trough washers. 

2. Those using some form of rotating stirrers driven by power: log washers, 
wash trommels, and washing pans. 

3. Those using the force of a water jet: hydraulic giants. 

The trough washer, or “trunking table," as it is sometimes called, In 
its simplest form is a w*ooden trough W'hich may or may not be lin^ with 
iron or steel plate. In length it varies from 4 to 12 feet, in width from 1.5 to 
5 feet, and in depth from 5 to 18 inches at the head end and from 0 to 18 inches 
at the tail end, The bottom usually slopes from the head end, which is closed, 
to the tail end, which is open, the angle of slope varying between 0 and 10 
degrees. Sometimes this slope is downward toward the tail end and some¬ 
times the inclination is upward in the same direction, the latter being the 
more desirable because it allows larger charges to be worked and prevents 
the loss of certain small sizes of rich ore which would be carried off in the case 
of a downward slope. Water is supplied at the head end in liberal quantity, 
often by means of a feedbox ruoiling across the end, with a sUt clear across it, 
furnished ^ith a water pipe regulated by a cock. The water, in falling from a 
height of 12 inches or more, exerts a considerable washing force. The 
quantity of water required is such as to make it about 1 inch deep at the tul end 
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arith a free discharge. The ore, which may be run-of-mine ore or the product of 
firtme breaker or concentrator, varying in size from 3 or 4 inches to 0, 's iea in 
^ the taiJ end, shoveled over, and worked toward the bead end until the nne 
stuff is removed. It is then shoveled to a gravel screen. Sometimes by skui- 
ful turning over of the mass, not only is the fine stuff washed away, but the 
waste rock is separated from the mineral. A trough washer of the average 
dimensions, as above described, will handle about 8 tons of run-of-mine ore 
in 10 hours and requires the attention of one man. The washer may yield : 
(1) coarse sand, left in the washer; (2) fine sand in a small t^ing tank; (3) 

clayey waste. ‘u j u 

Other forms, ingeniously combining riffles and weves, are described by 
different authors, but they rob the apparatus of its simplicity, which is its 
main advantage. A dam at the tail end made of bars, one on another, held 
between side cleats, and heightened as needed, is sometimes used. Occasion¬ 
ally the washer is mounted on two transverse rockers and a rocking motion 
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is imparted by a side arm and a vertical connecting rod leading to an eccentric, 
the sides rising and falling about 1.5 inches at each stroke. 

In a trough washer handwork may be replaced by mechanical stirring. 
Such improv^ washers find some application on coal, require less than 1 
horsepower, and will handle from 75 to 100 tons of coal per day. 

The Long Tom is a type of trough washer used chiefly in the washing of 
auriferous gravels. It consists of an op>en launder about 13 feet long, with 
a screen at the lower end to remove the coarse material. The fine gravel 
passes through the screen and is treated on riffles in succeeding launders. 

Loa Washers. —These are mechanical trough washers with revolving 
logs, to which are attached blades for stirring. An apparatus may consist of 
one or two logs in a trough, the dimensions of which show considerable varia¬ 
tion in different localities. A good example of a single log w*asher is a limonlte 
washer at Longdale, Virginia, which cont^ns two pmrs of log washers, or four 
logs in all (see Fig. 63a). The description of one is here given. The 
trough, which is made of 3-inch pine plank, is 3 feet wide, 1 foot 5 inches 
deep, and 18 feet 5 inches long, inside measures. Into it are put 15-inch lengths 
of cast-iron semicylinders, 1 inch thick, held to the sides of the trough by 
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lag screws through side flanges. When these sections are laid close together, 
end to end, they make practically a conUnuoussemicylindrical cast-iron trough, 
18 feet 5 inches long, 1 foot S inches deep, and 2 feet 6 inches wide, inside 
measures. The slope of the trough is | inch in 1 foot, or 3 degrees 35 minutes. 



Fro. a36.~8id» frl»v«tioo of Looadolo los wuhor. 


The log, of which Fig. 64 ia a cross section, is a cast-iron pipe 17 feet 5i inches 
long, Hi inches outside diameter, with Hnch walls. This makes a splendid 
log-^ne that is stiff and wears w'ell. It is flanged at each end to a cast-iron 

gudgeon. The prolongation of the lower 
gudgeon forms a journal 5^ inches in diame¬ 
ter, that of the upper 4^ inches in diameter. 
The blades or sp<x)ns, of chilled iron, are 
put on in two threads, 180 degrees apart, 
with a pitch of 5 feet, which makes the pitch 
angle M degrees 15 minutes at the outer 
cnd« of the blades; while, on the other 
hand, the plane of each blade has a pitch 
angle of 26 degrees. There are eight blades 
to the circle, each 8^ inches long, 4 inches 
wide, sweeping a circle 28^ inches in diam¬ 
eter. They are flanged at their bases, with 
undersurfaces concave cylindrical, to fit the 
pipe. Each pair of two opposite blades is 
fastened by two {-inch bolts passing through 
their flanges and through the log. The 
radius of curvature of trough being 15 
inches and that of the blades 14^ inches, the space between the trough and 
the ends of the blade.s is f inch. The upper gudgeon is prolonged to form a 
shaft, which carries a conical rising trommel (Q, Fig. 636) for treating the 
enriched product. At the lower end the gudgeon of the log is joined to 
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lower end. Water is fed at the upper end at the rate of 150 gallons 
ThP cADacitv of a single log is 200 tons of mine ore m 2A houw, yielding 70.8 
Mr cent of washed ore, which is practically » sis^ product, the oversize of a 
itmesh screen (W, Fig. 635), placed at the he^ end. An 
a 20 -m€ 8 h screen in place of the I4-inesh screen, mcro^ed the yield of washed 
ore 4 per cent, the percentage of silica and iron remaining practical y the same. 

The blades wear perhaps 3 months, more or less, according to the depth ot 
chill on the wearing face. The gudgeons last about 1 ye^. The logs may 
last 5 years or more. A single log and its trommel require 6* hor^power. 

The Turbo Loo Washer.— The Turbo is a long, double Jog washer with 
provision for keeping the fine maUriaJ thoroughly agitated and promoting 
washing. The box is 18 feet long and is set at a sIom of 1 inch to the foot. 
The two logs are made of steel sections with the arms bolted on and revolve m 
oDDOsitc directions. The bottom of the box is made of metal and is perforated 
bv a number of iV-ineh holes. Underneath this bottom is a compartment, into 
which water is fed from a main pipe through a series of separate pipes. Water 
is thus forced up through the bottom of the washer, and the fine material is 
kept agitated by a multitude of sorting columns. Each separate pipe leading 
into the chamber has iU separate valve for regulating the water supply tlirough- 
out the length of the washer. The concentrates from the Turbo are discharged 
at the low end of the machine. These machines are treating iron ore, undersize 
of i-inch screen, and delivering concentrates carrying 60 per cent iron. Three 
horsepower and 150 gallons of water per minute are required by the Turbo 
when handling 1000 tons of ore per shift. j » 

General Conditions.— The iron log is stronger than the wooden log. It 
is also driven faster, has more teeth, and a gieater capacity. It has a longer 
life, the cost of repairs is less, and there is a saving of time in making the repairs. 
In the United States the use of Ic^ washers is on the increase, but the wash 
trommel, a device much used abroad, has not been introduced to any great 
extent. Wash trommels in the United States have been used chiefly in the 
Cripple Creek district of Colorado. 

Wash troukels are hollow revolving cylinders or cones (set with their 
axes horizontal), which disintegrate and float the clayey matter while ore and 
water arc passing through them. This is accomplished by impact between 
the lumps of ore, sometimes assisted by the lifting and cutting action of blades, 
spikes, or longitudinal slats. In the cylindrical form the ore is convey^ for¬ 
ward by oblique blades, acting on the principle of a propeller, or by continuous 
screw threads; but in the conical form the ore moves forward by gravity. 
There are two chief classes of wash trommels: 

1. Those with a partially closed discharging end, in which the lumps are 
immersed in a pool of water for washing. 

2. Those with the discharging end completely open, in which the ore is 
washed by either a stream or spra 3 ^ of water, or by both. 

Id class 1 the ore is dischaig^ either by a contracting cone with screw 
threads or by a little sand-wheel elevator; in class 2 it discharges by gra\rity. 

Continuous screw threads are troublesome both to construct and to main¬ 
tain, and, besides, they do too much conveying and too little disintegrating. 
Oblique knives or blades appear to be generally preferred to continuous 
thread. 
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Friction wheels are more commonly used for the support of these trommels 
than spiders upon central shafts. The latter, however, are not frequently 
used for trommels of class 2. 

Rittinger says that the most satisfactory peripheral speed is 2i feet per 
second. If the speed is too slow, it not only wastes time, but the operation is 
less effective; and if too fast, the time of eacposure is too short for the proper 
softening of the clay. 

In this country log washers appear to have driven out the wash trommels, and 
on this Mcount there is a dearth of daU upon the latter. The author therefore 
places before his readers machines described as standard by foreign authors. 

The Crici^om TTosA Trommel .—This is a modification of the simple wash 
trommel Within the trommel, which is a steel-plate cylinder without holes, 
are longitudinal lifting slats of fiat iron, each of which is attached by short 
angle irons to the shell, leaving a clear space under the slats of } inch. Upon 
each of these slats are attached blades, the top and bottom of which are even 
with the top and bottom of the slat and make an angle of 70 degrees with the 
axis of the machine. Passing through the center of the trommel is a revoh'ing 
shaft carrying arms. The trommel is supported on and revolved by four 
rollers. The trommel makes 10 revolutions per minute In one direction; the 



central shaft makes 220 revolutions per minute in the opposite direction. The 
ore is fed with water at the feed end, is raised by the longitudinal slats to a 
point somewhat above the center, and at the same time is moved forward by 
the dia^na) blades. As the ore falls, it is struck by the rapidly descending arms 
and disintegrated. The mixed water, sand, and lumps of ore are discharged 
by overflowing at the lower end of the machine. 

Wasrino Pans.—L arge circular ring-shaped pans are sometimes used, in 
which the ore is disintegrated by revohdng blades, or by rollers and scrapers. 
The ore being fed with water at the periphery, the clay and fine sand overflow 
at the center while the heavy product collects in the bottom of the pan. Such 
pans are used in the South African diamond fields, in order to free the weath¬ 
ered diamond-bearing "blue ground'’ from the finest sand and mud. 

Hydraulic Giants are especially designed noszles which serve to control 
and direct powerful jets of water to w’ash or disintegrate large bodies of ore. 
Figure 65 shows one of the forms used in auriferous gravel mining. 

Jet Washer. —A jet washer or disintegrator is composed of a horisontal 
cylinder about 6 feet long by 2 feet in diameter, closed at one end, having a 
feed hopper placed on top at a point about 2 feet from the closed end. A 
charge oi ore is fed in through the hopper and a jet 1.5 inches in diameter, 
delivered from a steam pump under 50 pounds pressure per square inch, plays 
in at the open end and gives a final disintegration to the clay. This device 
is said to be a far more efficient disintegrator than a log washer. 

Hand PicKiMO or Sortjkq 

The process of separating into classes, by hand, ores which have already 
been broken is known as "hand picking.’’ The process is used for many pur- 
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poses. It saves rich ore from being crushed and made into 

S^e of dressing (and in some cases also of shipping) j, 

sSiTtime increas^ the virtual capacity of the mill. In .th'® 

PQoeciallv applicable to ores which occur in such narrow veins that considerable 
S^ffito be mined with them. The picking out of wood rope ends, 
etc i^ometimes adopted to rid the following screens, spigot '^‘®<=ha^esj^etc 
of those troublesome stoppages which cause so much derangement of 
Picking is often advantageous as relieving the concentrating ®? , 

of their most difficult work; for example, blende may be Picked " 

copyrite, barite from blende, etc. In either of these cas^ the two minerals 
arf^ nUrly equal in specific gravity that they cannot ^ separated by the 
concentrating machines. In like manner, two gradw of concentrating ore 
mav be made, one of which is easy and the other difficult to concentrate or one 
of which has one mineral prominent and the other another. In a great many 
of the ore-dressing problems of today, hand picking as a nectary step takcs^ 
or should Uke, an important place. The tendency to slight hand picking and 
to regard it as an antiquated method has been remarked upon by many to 
whom its value as a process has been made apparent. ^ . m. 

Sledging, spalling, and cobbing are used as aids to hand picking. I nese 
operations and the tooU used have been described under Preliminary Breaking. 

General Considerations.— Hand picking is influenced so much by the 
character of the ore and local conditions that no general statement covering it 
can be made. In prospects and small mines it is often necessary to sort out 
waste or pieces of high-grade ore to insure the success of the operation, bince 
such small properties have no concentrating plants, it is necessary to bring the 
ore up to shipping grade by this method. In lai^e mines hand picking on a 
very systematic scale has been found profitable. At the Alaska Juneau mill 
over 30 per cent of the ore was sorted out as waste, and this has been gradu¬ 
ally increased so that now nearly 60 per cent is rejected, or out of 12,000 tons 
mined daily only 6000 tons are actually milled. . , , 

In practically all mines, sorting on some scale is practiced underground. 
A saving is accomplished, since waste thus rejected does not have to be hoisted 
to the surface, and in addition it may be used for filling the worked-out stopes. 

Where sorting is done on the surface, the process is usually done on such a 
scale that it pays to devise some systematic method of bringing the materials 
to, and removing them from, the pickers. Inspection is very essential to 
avoid wasting time and energy. Boys usually make better pickers than men. 
The picking floors should be well lighted, if possible by natural means, as the 
colors of the minerals show better. Also the ore, if possible, should be washed, 
as this process lays the dust and brings out the colors of the minerals to the 
best advantage. The fines are usually screened out, for it has been found very 
difficult to sort fine ore. The more nearly uniform the sise of the ore particles 
the easier is the work. 

Hand picking is usually in a rock house, which may form a part of, or be an 
addition to, the shaft house. To facilitate the handling of the material, tracks 
or belts are provided for bringing the ore to the pickers; grisslies and bins, for 
screening out and receiving the fines; washing devices, for cleaning the ore and 
for laying the dust; picking floors, belts, or tables, for sorting the oversize 
of the grizzly; and tracks or belts, for removing the products. The material 
subjected to picking is usually the oversize of the grizsly. 

The quantity of material removed will vary greatly. In the Lake Superior 
copper district, the quantity of native copper picked out ranges from 8 to 30 
per cent of the copper recovered, and the amount of waste rejected from 7 to 
12 per cent of the rock hobted. In some cases as much as 30 or even 50 per 
cent of the rock hobted b removed by hand picldiig. 
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Hand picking often forms a part of the flow sheet of a mill. Chutes, griz¬ 
zlies, belts, or tables are provide so that the pickers may w'ork to ^vantage. 
The operation may yield various combinations of smelting ore, concentrating 
ore, and waste. It may, on the other hand, mean the removal of only waste 
or woc^ chips, drill steel, rubbish, etc., which would be troublesome in the mill. 

It is practically impossible to give a limit below which hand picWng will 
be found impracticable. In some mills the run-of-mine ore is sorted, but in 
most mills only the oversize of a grizzly is sent to the pickers. In general, it 
is safe to say that very little hand picking is attempted on sizes larger than 4 
inches or smaller than 0.5 inch, although in special cases material up to 1 or 
2 feet in size may be hand-picked. Uniformity in size is more important for 
effective hand pieWng than actual size, for it has been found that it is difficult 
for the eye and mind to follow large and small pieces at the same time. 

Experience has shown that it is best for pickers to throw the sorted material 
away from them. A simple scheme for inviting the picker to show a largo 
quantity, while holding him to quality, is to pay him a stipulated sum per 
ton of product of a certain standard or assay. 

Factors to be considered in deciding whether ore should be hand picked 
coarse, or crushed and milled, are ( 1 ) cost of hand picking, (2) values remaining 
in waste rejected, (3) cost of milling, (4) losses in milling, (5) capacity of mill, 
(6) relative value and cost of freight and smelting of rich hand-picked ore as 
compared to mill concentrates, (7) possible use for hand-picked waste, and (8) 
where waste is picked out underground, the cost of handling ore to the surface. 
In large milling operations in the United States the high cost of labor, as com¬ 
pared to the low cost of milling, generally prohibits hand picking. 

PiCKiKO Tables or Belts. —After the broken ore has been screened for 
the removal of the fines and rinsed off to facilitate the picking operation, it is 
brought upon the picking tables or belts, as the case may be. 

There are five classes of picking tables or belts in use: (1) stationary hori¬ 
zontal tables, (2) stationary sloping chutes, (3) shaking tables, (4) belt, rope, 
or plate conveyors, and (5) revolving circular tables. Stationary, horizontal 
tables may be fed automatically or by barrow, but they are discharged 
by hand. Tables of the three remaining classes are fed and discharged 
Automatically. 

At the present time chutes and conveyors are most used in sorting plants. 
Conveyors are particularly suited to this class of work. Pickers stand on each 
side and pick into either boxes or troughs. Such conveyors are endless belts 
of rubber, rope, or plates, passing over two drums with means for applying 
power and ta^ng up slack. Rubber picking belts from 1$ to 36 inches in width 
are the most common. They are supported upon idlers so as to give a broad 
fiat surface for the ore, and travel from 30 to 60 feet per minute. In recent 
years steel-plate conveyors have been successful. 

Picking chutes are frequently used, especially in small mills, where the 
sorting does not warrant a very high initial investment. The width, length, 
and depth of the chute will vary according to the character of the ore and the 
tonnage to be sorted. The slopes vary from 20 to 40 degrees. The ore must 
fiow by granty, but it is usual to place blocks or checks in the chutes to retard 
the fiow of the ore and ^ve the pickers an opportunity to inspect it. An auto¬ 
matic slate picker, consisting of a chute with a specially designed slotted bot¬ 
tom, is used for cleaning coal. It operates by virtue of the fiat shape of the 
slate. 

Stationary horizontal tables are sometimes used. There is the objection 
that it is difficult and expensive to handle ore in this way, and, of course, such 
a method can be used advantageously only on very sm^ tonnages. 
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have an annuJar picking surface upon which ore is W from a chute and from 
scrape'd after it completed oircmt. -- 

seated at the inner and outer circumferences of the table. These tables are 
tmilt in ^aes ranging from 10 to 30 feet in outside djameter and are run at a 
rate of 15 to 40 feet per minute. , , , * 

In present-day plants conveyors have largely won out 
advantage of being continuous and automatic, while stationary honsontm 
tables must be discharged by hand. The matenal is also handled more c^aply 
on a conveyor, as this device usually fits into the general mill scheme better 
than any other device. Fixed Ubies, however, cost much less to install. 
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SIZING BY SCREENS 

Screen sizing or volumetric sizing is useful in performing & variety of func¬ 
tions m ore concentration plants. (1) In crushing plants, screens are used for 
two general purposes: (a) to by-pass sufficiently fine material around a cnishine 
macmne to increase lU capacity and (6) to form a closed circuit with a crushing 
machine and limit the ro^mum sise of final product as well as to increase 
crushing capacity and efficiency. (2) In certain processes of concentration, 
particularly m pavity concentration above 1 or 2 millimetera, the crushed ore 
may be dmded into a senes of products by screening, in each of which the grains 
come within a limited range of sise. Such a grading of the crushed ore into 
fractions for feed to the individual concentration machines enables each 
machine to be adjusted and operated for better separations than would be the 
case with unsi«d to these machines divided evenly by a mechanical 
dismbutor (3) In la^ratory t«Ung of ores and mill products, segregation 
of the matenal into different size fractions for separate testing facilitates 
analyses of results, losses, and inefficiencies, in both comminution and con¬ 
centration, to such an extent that siaing tests are an indispensable part of both 
routine control and research. (4) In certain industries, when product size 
fori^ a part of final product specifications, screens are used for commercial 
grading to segregate products for meeting these specifications, 

Principles op Screen Siziko 

^ Sieve Scale. —The list of successive screen sizes used in any mill, taken 
in order from coarsest to finest, is called the “sieve scale.For facility of 
interchange of results and data in publications, catalogues, and elsewhere it 
has been found most convenient to adopt a standard neve ecale for sizing 
analyses and general testing work. Rittinger held that in a standard sieve 
scale the dia^meter of the holes in any screen must bear some constant ratio 
to that of the next screen above it in the series, thereby making the sieve 
scale a geometrical series. He adopted 1.414 (» \/2) for this ratio, and it 
has since become the common sieve ratio. For closer sizing work the Richards 
or double Rittinger sieve ratio of M89 (* \^) is common. The Tyler 
testing sieves, now the universal standard in most countries, are available 
including both these ratias, but the series with the ratio of 1.414 is usually used. 
The starting point is a 200-mesh screen as standardized by the United States 
Bureau of Standards with 0.0021-inch wire and 0.0020-inch opening. The 
Tyler senes is shown in Table 23, with other pertinent data. The column 
giving screen openings in micron-s should be noted, as there is a tendency to 
express finer sizes in this unit in sizing fine materiab such as fine-grinding and 
notation products. This UMge is a result of the extension of size analysis 
below 200 mesh by elutriation, in which the fine sizes are much more con- 
vemently expressed in terms of microns than in other units. The physicists 
and chemists, particularly the colloid chemists, have established this unit in 
their related considerations of particle size in very finely divided material 
{see also Sizing in Chapter XVIII). 
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Tyler Standard 
^reen Seale 
^/i«r 1.4U. 

Fee Cloeee SUlaf . 





Sievee from 



Diameter 

Openinc;. 

0,0016 ln«b to 
3.000 laebm. 

OpeaiAc. 

MiUlmeiera. 

Meah. 

Wire. 

loebee. 

Mierooe. 

te**- 

Ratio ^ 
or l.]». 




1 




1 

. » ^ 1 

0.807 



o 

.... 

• ♦ ♦ ♦ 1 

0.102 


. 

11 

♦ ♦ « 1 

!! i! 

0.143 


1.060 

6.742 

6.626 

1,060 

0.883 

0.742 

0.634 

0.685 

i> 1 

1 

24.67 

82.43 

18.85 

15.84 

13.33 

11 80 

.... 

0.143 

0.136 

0.136 

0 120 

0,106 

0.106 

86.470 

23.430 

19.360 

16.860 

13.330 

11,200 

oiiri' 

V * 8 

0.871 

0 318 

9.483 

7.886 

21 

0t092 

0.088 

9.423 

7.936 

0.803 

0.243 

0.221 

4.480 

6.413 

3 

31 

0.070 

0.046 

0,080 

6.013 

0.186 

0.186 

0.164 
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0.0015 
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The conditions in plant-screening operations call for variations in the type 
of screen and sise of wire so that plant screens almost never correspond to any 
standard-sieve scale. Hence it is desirable to specify plant screens by the size 
of the opening in inches or millimeters. Designation by meaning 

'^meshes per linear inch/’ is not definite because of variation in wire sizes, 
unless it is strictly understood to mean an opening equivalent to that of a 
standard screen of that mesh, such as Tyler. 

Lqaits of Screen Sizing. —Screening frequently Is the first operation on 
mine-run ore, consisting at this point in separating material already broken 
fine enough from the feed to the primary breaker. Thus the usual upper limit 
of screen siring in mills corresponds roughly to the discharge opening of that 
breaker. The size of hole in the finest screen in a mill has a practical limit due 
U) the fact that screen sizing becomes slower, less efficient, and more costly as 
screens become finer. Below a certain point sizing by coarse water-classifica- 
Dion affords better results than fine wet screening. The common limit to wet- 
screen sizing is about 2 millimeters. In modem flotation plants the finest 
screens used are usually those in closed circuit in the final stage of intermediate 
diy crushing before wet grinding, not below 2 or 3 mUlimeters. 

Screening EmciBNcy and Rate op Screening- —The efficiency of a 
screening operation is expressed in various ways, the most common being to give 
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the percentage recovery of true undersise material in the actual undersize pjod- 
uct. This value is determined from screen tests on the feed and oversize 
prodiKte, accoring to the formula given in the Appendix. In some instances 
the emciency is indicated by giving just the per cent true undersize left in the 
product, which should be zero for perfect screening. 

Screemng efficiency depends to a great extent on the rate of screeninc 
and on the aperture of the screen. Increasing the rate of feed to a screen 
markedly decreases the efficiency. To attain satisfactory results, it has been 
shown that the maximum permissible rate of screening, expressed in tons per 
hour j»r square fwt of screening surface, is roughly proportional to the diam¬ 
eter ot the hole m the screen, for a given screening method. This has Led 
to the use of the tons per 24 hours per square foot of surface per millimeter 
aperture ^ a means of comparing different operations. Greening efficiency 
and rate of scrwning are also dependent on the nature and size distribution 
of the feed and on the amount and type of motion imparted to the screen 
surface. In screening practice, efficiencies vary widely, averaging around 
70 to SO per cent for ordinary work. 

ScR£fiNmo Surface.—T he material used for a screening surface depends 
on the aperture desired and the nature of the work. For very coarse work 
involving heavy wear, parallel iron bars, rails, or similar materials are used. 
In tiner work punched plate and woven wire or rod screens are used 

Shape and AhiuNOBMENT of Holes.-I n this country round holes are 
widely used in punched plate, and oblong or elongated holes are used to a 
l^r extent. Holes in rows making 60 degrees with each other (“staggered’ ’) 
give greater area of discharge than those with 90 degrees. Punched-plate 
screens are usually laid out on the 60-degree plan. 


table 24.—sizes of round punched holes in plate screens, as made by 

HARRINGTON & KINO 


Di4Be(cr of 

Mb. 

Mb. 
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Op«iUB<. j 
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86 
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i.99 
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1.97 

18 
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30 
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3.88 

17 

8S 
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20 

1 

3.88 

13 

30 

3.10 

37 

•f 

2.35 

84 

40 

13,93 

48 

9 

8.04 

84 




9 

9.83 

34 
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iBobca. 


7 

4.11 

34 

1.78 

0 696 

93 

7.9 

5.80 

88 

2.00 

0.688 1 

85 

$ 

4.70 

84 

8.36 

0.780 

34 

$ 

6.29 

19 

2.80 

0.780 

38 

0 

8.29 

34 

3.78 

0.780 

87 

10 

4.89 

30 

3.00 

0.780 

39 


* Tb« bolM art anaaBaS in «q«iilaUral triaoclaa ib all eaaac. 


Woven-wire or wire-cloth screens give a greater percentage of opening 
and therefore a greater capacity than punched plate. Both square and 
rectangular openings are used, the latter particularly in finer screening, for 
example, in the finer intermediate crushing steps where a greater percentage 
operuDg is desirable for sake of capacity. Moreover, the trajectory of particles 
moving dowm an inclined screen r^uires a hole lengthened in the mrection 
of their path so that the larger particles of undersize will pass through readily. 
Itectangular opemnp, as in the lyier Ton-cap wire cloth and Ty-rod screens, 
allow greater variation in the section of the maxi mum grain, particularly with 
naky material. 
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The percentage op opening is the ratio of the net area of the lioles 
to the whole area of the screening surface. It depends upon the arrangement 
of the holes and the amount of space left between them. It is obvious that 
the greater the percentage of opening the more rapid and the more perfect will 
be the screening. The practical limit is reached when the strength of the 
screen is too much reduced. The thicker metal used for coarse screens allows 
the use of a larger percenta^ of opening than in fine screens. The percentage 
of opening for round holes with different arrangements and spaces is as follows: 
If the space equals half the diameter of the hole, the percentage of opening is 
40.3 per cent with the 60-degree arrangement, and 34.9 per cent with the 90- 
degree arrangement; but if the space equals the diameter of the hole, the 
percentages of opening are, respectively, 22.6 and 19.6 per cent. Harrington 
& King's standard list of plate screens with round punched boles is given in 
Table 24, which shows also the space between the holes and the net percentage 
of opening. 

The following is a partial list of Harrington k King’s elongated punched 
holes; 

DiA*nMOU el Seaee 
Hol«e. tlolee. 

laebM. leebM. 



In the complete list the sites between the first and second, and between the 
second and third, arc graded from one to the other. These holes arc arranged 
in either of three different ways. The dimensions L, W, and S, indicated in 
Fig. 66, are the length, width, and space in the above list. 



Fro. M.—Elongated punched screen bolci. 


Table 25 is a partial list of the double-crimped wire screens carried in stock 
by the W. S. Tyler Company. This table illustrates the disadvantage of 
designating screens by the number of meshes per linear inch. With the actual 
commercial sises, an 8-mesh screen may have boles 24 per cent wider than 6- 
mesh screen, because of different sizes of wire used, although if proportional 
sizes of are used, the 6-mesh hole is 25 per cent wider than the S-mesh hole. 

The Thickness of the Plate or Wire. —In deciding this, there are five 
mwn considei^tions; (1) The maintenance of the diameter of the hole. The 
enJar^ment of the hole per ton of ore screened will be the same whether the 
metal is thick or thin, but the thinner metal will be discarded sooner and 

d'a«eter of hole will be less than with the thicker metal. 
(2) The life will increase with the thickness of the metal up to the limit ol 
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TABLE 25.— T7LER DOUBLE-CRIUFBD WIRE SCREENS* 
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0.063-0.017 
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0,130-0. 
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0.017-0. 
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78.2 
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O.n-1.86 
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.182-0.047 
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K).086H>.018S 
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0 0043 


0.336-0,433 
0.108-0,208 
0.18O-O,8I8 
0.087-0.142 
0.042-0.106 
0.048-0,082 
0.038-0.044 
0.0276-0.040 
0.025^, 0406 
0.0183-0.0263 
0 . 000 - 0.012 
0.00826 
0 0038 


(. 0 - 11,6 
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27-78 

24- 71 
21-87 
10-48 
10-41 
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25 
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. For <bt Iriatfb irt 18 4lwof hoiw a _ 

ifMrooM* for tbo floor wUl Joe 80 lUr* *r« but two mmo o( bit ?or 


Thio numbor 
broM. 


enJargement of hole that can be permitted. (3) The running co9t consista of the 
first cost at.d the cost of changing screens, and it is modified by the life of the 
screen. These two costs have opposite effects; The thick screen costa more 
at the start but is changed less often; the thin costs less but is changed more 
often. (4) The blinding of (he hole. There can be no doubt that blinding of 
the hole is more apt to take place in a thick than in a thin screen; and, further, 
when the flare of a punched hole is worn to a rounded shape, this effect will be 
increased. Cloth screens blind up more easily than plate. (5) The percentage 
of opening. In punchcd-plate screens with large holes the percentage of open¬ 
ing may be made large by using thicker plate and leaving smaller spaces 
between the holes, which will maintain the necessary strength in the parting 
bars. In screens with small holes other conditions exist which have precisely 
the opposite effect, namely, the plate is apt to be as thick as the hole is wide, 
and any attempt to thicken the plate further will necessitate placing the holes 
farther apart to avoid tearing the plate in punching, and would decrease 
the percentage of opening. With cloth screens increased percentage of open¬ 
ing requires thinner wire, whatever the net sise of hole. 

Difficulties op Screening. —For ideal screening each underside particle 
should be presented to an opening separately and should not be hindered by 
crowding or by bridging from reaching the opening and passing through. If 
screening is carried out by allowing material to slide down a stationary screen¬ 
ing surface, thb ideal condition is approached only when the openings are 
very coarse and the bed is thin. For screening finer material with a reasonable 
flow of material across the screen, it is necessary to keep the particles of the bed 
in constant movement and agitation to attain good separation and removal of 
undersize. This condition of bed is produced by shaking, vibration, or other 
motion of the screen surface. Moist or sticky materials will tend to agglomer¬ 
ate or ball up and screen very poorly, and also they may stick in the open¬ 
ings and clog the screen. This condition occasionally necessitates the use of 
a water spray to disintegrate the mass and keep the openings washed clear. 
Generally, a large percentage of undersize in the feed reduces screening 
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efficiency unless most of this underuse is con^derably finer than the screen 
hole but a more important element is the percentage of grains of fhe 

same diameter as the openings, the son^alled ''diflicult” grains, difficulty 

of screening increases with this j>ercentage, both because these difficult grama 
are apt to go into the oversise and because they tend to blind the screen holes. 
Blinding is more troublesome in fine screening, and provision must be made for 
keeping clear openings without frequent stops for cleaning. Prevention of 
blinding is accomplished by intense shaking, jarring, or vibration of the 
ficreening surface. . 

The Feeding op Screens. —Any type of screen will give best results with 
a uniform rate of feed, distributed over the screening surface in a bed of uniform 
thickness. The rate of feed is usually limited sufficiently by the output of 
previous machines in the flow sheet. Provisions are readily made in most 
types of screen equipment for spreading the feed evenly across the whole width 
of the screen surface. 

Screening App.\ratus 

The various types of screens used for sising purposes in ore treatment may 
be classified as follows: 

1 . Stationary screens: (a) grizsiics, and (b) perforated plate and wire cloth. 

2. Moving screens: (o) moving-lMr screens, (6) shaking, gyrating, and 
pulsating screens, (e) vibrating screens, (d) trommel screens, and (e) belt 
screens. 

STAnoKART Screens 

Grizslies or Bar Screens. —These arc screens for separating coarse from 
fine ore. They are usually made of stationary bars, placed at a definite dis* 



Fio. 67.^^rizsly or bor Bcre«a. 


tance apart (see Fig. 67). This distance limits the siie of particles which can 
pa^ through the screen. The two products they yield are called “ underside 
and ^‘oversize,” the former containing the particles which are small enough to 
go through between the bars, the latter those which are not. The grizzly is 
set at such an angle that the ore will slide upon the bars automatically. The 



110 


TEXTBOOK OF OBE DRESSING 



angle for quartz ores is usually 45 degrees. Some minerals slide at much less 
angle. Grizzlies used in mills are naturally divided into two classes; (1) 
those which relieve the breaker, the sorting table, or the spalling floor of the 

(^) those U]MD which hand sorting 
U done at the same time with the screening. 
In the first class the bars are nearly alwayn 
set at an angle at which the rock will slide 
freely; in the second class a much gentler 
slope is used. 

/ To make the ore slide as easily as possi- 

ble, the bars are always placed with their 
len^hs in the direction of steepest slope. 
They are supported at both ends, as shown 
in Fig. 68, Their lateral flexibility, which 
might cause the bars to spring apart and 
Fio.68.—MeibodoftuppOTUni*rUiii«. lumps to pass through, is over* 

,, . . , .... . . hy bolts running across the grizzly 

through holes in the bars, with space thimbles placed on the bolts between 
the bars (see Fig. 67). The sides of the grizzly should be walled in with 


9m*I W««rlu PM* 


Fio. Oe.^LoaptudmAl 6e«tioQ of Rowaad 0 cr«en. 


heavy planks to confine the ore. The bars are generally strong enough 
to bear, without intermediate supports, the heavy loads of ore which 
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are sometimes dumped upon them, the strength and weight being proportioned 
to the weight 0 / ore dumped at one time. The length and width are pro¬ 
portioned to the volume of ore dumped at one time and to the percentage of 
fines. The bars should have such a cross section that the spaces will widen 
from the upper- to the underside, thus insuring a free discharge of the undersiac. 
^gure 67 show's the commonest form of bar. 

The Rowan d Screen. —This is a perforated-plate screen, a longitudinal 
section of which is shown in Fig. 69. The girder which carries the screen 
inclines 60 degrees with the horisontal, but the screen plates themselves may be 
varied in slope from 35 to 45 degrees with the horisontal. The screens arc 
made of punched plate with the holes stapered. This iyjte of screen is used 
for screening dry ore. The dry ore entering at the top accumulates on and 
behind the steel wearing plate P until it has attained its angle of rest of 45 
degrees, when it falls to a second similar plate before going over the screen. 



Pio. 70a.—P*rtp«etiv9 vi«v of Fla. 706.—DoUile of F 10 . 70«.—Sido olovstioQ. 


Burch rios fHffly. 


eoMtruclion. 


The oversise passes over similar plates to the next screen. In this manner all 
the parts are protected from wear except the w'earing plates and the screen 
plates themselves. These screens have a large capacity and are inoxpcni^lve in 
upkeep. Screens of this type show an efficiency of 80 per cent, that is, 80 per 
cent of the particles fine enough to pass the openings in any given screen do so. 
In practice these screens are mounted in sets ranging from fine at the top to 
coarse at the bottom. 


Moviko Screens 


Moving-bar Screens. —Numerous foims of patented screens have made 
use of moving bars, moving disks, etc., but only the ring grissly and the drop- 
bar griszly find much use today. 

RtTta Grizzly .—This has been devised in an effort to prevent blinding of the 
spaces between the grissly bars by moist ore, large pieces of ore, or rubbish. 
The space between the rings is determined by the fineness of the screening 
desired. 

In an ordinary bar grissly any particle of ore slightly larger than the space 
between the bars of the grizsiy has a tendency to become wedged there and 
choke the grizzly. In the ring grizzly such a particle falls out when it reaches 
the lower limit of the revolution and automatically clears the grizzly. It 
follows then that such a grizzly is more efficient and has a higher capacity than 
the ordinary bar grizzly. Ring grizzlies are expensive and difficult to install 
and are recommended only where large tonnages are to be handled. 

A patented ring grizzly invented by H- Kenyon Burch is in use at the Cop¬ 
per Queen concentrator near Bisbee, Arizona. Figure 70a is a perspective 
view of the grizzly. Figure 706 shows the details of construction. Two 
or heads A are connected by rods G and shaft E. The ends of the shaft extend 
through the heads for support on bearings and to take the driving pulley as 
shown. Rings of two diameters are used. Spacers D are placed on the rods 
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0 to hold the small ic rings C in poritioOf the inside diameters of which are made 
to fit the rods closely. The larger diameter rings B are held midway between 
the smaller diameter rings by lugs 2. Thus undersize that passes between the 
smaller and larger diameter rings at J will meet with no resbtance in passing 
out between the. same rings at ?, because the opening is greater, owing to the 
larger diameter of ring B as compared with ring C. Figure 70c is a side eleva¬ 
tion of the grisaly, showing the method of feeding and a diagram of the sepa¬ 
ration obtained. The machine is simple, rugged, and requires little power to 
operate. 

Drop~bor Grizzly .—This grizzly is a modification of the ring grizzly and 
accomplishes the same purpose in a slightly different way. In Figs. 7Io and 
716, ^ is a horizontal drive shaft, on which the rings E are mounted by means 
of spiders. The bars forming the grizzly are hing^ as indicated, the distance 
between being determined by the fineness of screening desired. The grizzly 
is rotated slowly in the direction indicated by the arrow. At point B the bars 



lie fiat against the ring E and act exactly like an ordinary grizzly. As soon, 
ho\ve%*er, as a bar passes point /C, it will leave the ring, swinging on the hinge 
until at the lower point of the circumference the bars have assumed a position 
as indicated. As they climb the other side, they are prevented from swinging 
farther back by a lug which engages the hinge. Just before the bars enter the 
zone of screening, they fall back to their normal position on the ring. In this 
way they accomplish much the same purpose as the ring grizzly. Feed drops 
on the grizzly from F. The undersize falb through the bars and passes into 
the undersize compartment G. The oversize is carried around in the revolu¬ 
tion of the grizzly and falb into the oversize compartment H. Any material 
which tends to stick or blind the screen is disengaged at K and falls in with the 
undersize. Thb grizzly b abo made in the form of an endless belt passing 
around two end pulleys. 

Shaking Screens or Riddles. —Riddles are shaking screens with plane 
.surfaces. They may have less slope than fixed-plane screens, because the 
motion of the screen may be traiLsmitted to the ore, conveying the oversize 
toward the discharge end. 

A great variety of shaking and \'ibratuig screens have been placed upon the 
market. Some possess undoubted merit, while others have serious mechanical 
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weaknesses which make frequent and ej^pensive repairs ueoesaary. Others 
work well on bone-dry ore, but the presence of a small amount of moisture 
renders them useless. From these various devices the following machines have 
been selected as having proved successful through general use in metallurgical 
plants. 

Screens may be shaken sidewise or endwise. They must have a slope 
when driven from eccentrics but may be set horisontal when driven by a jerk¬ 
ing mechanism. It is very important to have a balanced mechanism for shak¬ 
ing screens, as otherwise serious vibration wUJ be imparted to the supporting 
structure. These screens are much us^ on coal but very little on ore. The 
Ferraris t 3 rpe of jerking screen appears to be the most efficient. 

Xiu Ferrari^ sAotirw screen (see Fig. 72) is set horiaon tally on the upper 
ends of laminated beechwood supports on each side. Driving is done by an 
adjustable eccentric running at 3^ revolutions a minute with a throw of 25 
to 32 millimeters (1 to inches). The supports slope upward and backward 
to the screen frame at an angle of about 65 degrees with the horisontal, and act 



as springs. The screen thus receives an upward, forward motion on the for¬ 
ward stroke and a downward, backward motion on the return stroke, which 
causes the ore to move rapidly forward and gives the screen a high efficiency. 

In the illustration there are two screens, the righb-hand one being suspended 
from above, but in such a way as to obtain the same effect as is obtained when 
the screen is supported from below. The left-hand screen has a 10-millimeter 
round-hole screen on the first section, followed by 14-, 20-, and finally 30- 
mi^meter round holes. The products are delivered as shown in the cut- The 
undersise of the 10-milIimeter screen and a portion of the undersise of the 14- 
millimeter screen go to the right-hand screen, which has 3-, 5-, 8-, and 10- 
mjllimeter round holes and delivers its products as shown in the cut. 

When run in the usual way, the screen does not work well for ore finer than 
5 gul hrn eters; but Sanna has designed a successful modification for fine material 
m wbch the screen is suspended on slopii^ spring rods over a hopper-shaped 

Upping into the water on each backward-downward 
stroke. This keeps the holes free, but the immersion must be very slight or 
the forward movement of the ore will be hindered. Water is fed to the hopper 
box constantly, to supply the spigot discharges, and the level is maintained by a 
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constant overflow. With thb arrangement the screen is said to work without 
difficulty on ore as fine as 0.5 millimeter. 

Gvkatino Screens. —Gyrating screens make a circular or elliptical motion 
in the plane of the screen. The frames of gyrating screens are supported from 
suspending rods or by conical or spherical wobblers beneath, and the slopes are 
regulated in the same way as for shaking screens. Such screens have been used 
in coal dressing but find little application in metallurgies plants. 

PuLSA^NO Screens. —There are numerous examples of this type of 
machine, but none have been generally adopted by the mills. They all have 
a tendency to shake themselves to pieces. The Impact screen, which will be 
desenbed, is perhaps as much used as any of the various machines of this type 
on the market to*day. 



The Imp<ict ecreen of the Colorado Iron Works Company is shown in Pig- 
73. The vibrating screen frame $ is flexibly supported by the elliptical carriage 
spring E. The spring pre.ssure is adjustable and forces the vibrating frame 
upward against four cushioned stops. Motion is imparted to th^ viorating 
frame by two ratchets R, operating as multiple cams and mounted on the fixed 
frame F. The cams force the screen down, and the springs bring it back 
against the stops, with a sharp upward impact. Beneath the screen is a series 
of pans P, which ser>‘e to retain enough water to keep the meshes open when 
the machine is used for wet screening. When used for dry screening, a housing 
is provided- 

ViBRATiNG Screens 

Vibrating screens represent the most recent innovation in screening and 
have now become standard equipment in modem mills for mcdium*coarse and 
fine screening. In the various screens of this classification several types of 
mechanisms are used to impart a rapid and posirive vibration of low amplitude 
to the screen surface. Depending on the type of mechanism, the manner in 
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which it is attached to the screeD, and the v.ay the screen frame is 
the surface may vibrate with different types of motion: straight-line ybratio 
Deroen^cular or oblique to the surface, either harmonic motion or ainerentiai 
motion: or circular-throw vibration. In many cases the flow of rnatenal along 
the screen is pro\'ided by inclining the screen. Other types of screens are 
ooerated horisontally, and the vibration is applied in such a way a-s to convey 
the material along the screen; this type is advantageous for installation with 
low headroom. ^ , 

Rapid low-amplitude vibration, in comparison with other types oi scieen 
motion, gives higher capacity and efficiency. Blinding, one of the i^st 
troublesome difficulties in fine screening, is reduced to a minimum. Ihe 
rapidity of movement of all particles in the bed affords each undersize particle 
a greater number of direct contacts with the screen surface per unit time, and 
thus screening rate is increased and there is less chance of fine particles passing 
into the oversize product. Capacity and efficiency are further favored by 
the stratification induced by vibration. The agitated bed tends to stratify 
with the finest material on the bottom next to the screen and the coarsest on 


Vibrating screens are classified under the following heads on the basis 
of the type of vibrating mechanism used, and representative examples of each 
type will be discussed briefiy in the following sections: (1) electromagnetic 
t^e, (2) cam and spring type, (3) eccentric-shaft type, and (4) unbalanced- 
pulley type. 

1. Electromagnetic Type. —Vibrators of this typo afford a straight- 
line harmonic vibration. A stationary electromagnet, activated by a low- 
frequency alternating or pulsating direct current, acts on an armature which 
is connected either to the screen frame or to the screen surface. A spring of 
adjustable tension, or the tension of the screen surface itself, returns the arma¬ 
ture to an equilibrium position after each attraction by the magnet and affords 
a means of regulation of the intensity of vibration. In a recently introduced 
type two opposing electromagnets act on the armature, each magnet activated 
by a direct-current pulsation during one half-cycle, the direct-current pul¬ 
sations being produced by separating with copper oxide rectifiers the opposite 
half-cycles of an alternating current. Adjustment of amplitude in this case 
is made by regulating the voltage applied to the magnet coils. 

The Hummer Screen .—The electric vibrator of the Hummer screen is 
mounted above the screening surface. It is illustrated in Fig. 74 and con¬ 
sists of a coil and magnet (2). The armature (4) is alternately pulled up and 
released by the alternations of a 15-cycle current. The wire cloth (6) is 
stretched at drumhead tension and coupled to the armature post (5). The 
intensity of the vibrations is controlled by the handwheel (1). Impact and 
wear are taken up by the striking block, wearing plate, and shims (3). Alter¬ 
nating current, 16 cycles, 110 volts, is furnished by a motor-generator set, 
which can be driven from the ordinary lighting circuit. This screen is mounted 
and operated in much the same way as the ordinary Impact screen already 
described. The screening surface makes an angle of from 25 to 35 degrees 
with the horizontal. 

These screens are supplied in units 3 or 4 feet wide and from 5 to 8 feet 
in length. There may be one screening surface or two screening surfaces, one 
a few inches above the other, both vibrating by the same mechanism. For 
heavy work two vibrators may be used on the same screen. In screening dry 
dusty materials, the screens are enclosed in dustproof sted housings. Figure 
76 shows a type 31 enclosed double-unit Hummer screen equipped with a screw 
distributor for spreaoing the feed evenly over the width of the screen. 
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The Tyier, Type 400 Screen.—This screen, shown in Fig. 76, is designed for 
higher capacity and heavier work than the standard Hummer. There are four 
vibrators, one at each comer of the screen, the pair at each end of the screen 



Pto. 7S.—Hummer, type Si, dpuble^uuit vibratinc ecr««(i. (CauHutt oi W. 5. ?V^ Company.) 


being connected by cross-armature beams which are attached to the screen 
frame. In this type the strong vibrations necessary for coarse screening up 
to 4 inches are imparted at the rate of 1200 per minute to the screen frame 
and screen os a unit, instead of to the screening surface alone. 
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2- Cam and Spring Type. —The Leahy vibrating screen is the important 
example of this type. Arrangement of screening surface and mounting of 
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reducing gears. Accordingly, vibration is given the screen through the tappet 
and connecting rod at the rate of 1200 times per minute. The adjustable 
coiled spring forces the tappet to drop off each tooth of the cam witli an 
accelerated motion ending in an impact on the next tooth. It is claimed that 



Fju. 7S.—Tytcf .Vifti{ar* srre«n. 


this impact, and the resulting differential vibration furnished to the screen, is 
of advantage in preventing blinding. 

S. EccEN'Titic-sn.vFT Tvpe.—T his type of screening mechanism, which 
is furnished in .'i numl)or of fornts by several manufacturers, has a horizontal 
rros.H shaft running in fixed bearings. On the shaft are eccentrics giving motion 
to the encireling strajjs which are attached to the fioating screen frame. To 



Firi. 7'*.—.<ynioiis 4- by S>foo( dout4«-<lerk vibrating 8<'rc«ti. 


itHurc against exee.^^ive vibration of the screen supporting structure and 
drive merhanism, the .‘screen vibration is counterbalanced by various means. 

The Niagara circle-ikrow screen, shown in Fig. 78, is counterbalanced by 
a pair of weighted balance wheels mounted on the shaft. The screen frame, 
in this case holding two screening <Iccks, is gyrated in a circular path by the 














eccentrics on the sh&ft. It is prevented from rotating about tne sbait ny tne 
coiled springs at each end which bear on the stationary supporting structu^. 
This screen is suspended or supported at a slope of 15 to 30 degrees with the 
horisontal. Sises from H ^eet wide and 3 feet long up to 6 feet wide and 14 
feet long are furnished with one, two, or three decks. 

The Symons screen (Fig. 79) has the motion of the screening deck counter¬ 
balanced by a second heavy rectangular aereen frame surrounding it but sepa¬ 
rate from it, This frame also carries the outboard bearings of the eccentric 
shaft. Both frames are supported on inclined leaf springs set at an angle 
such that the resultant screen motion is essentially a straight-line vibration 
oblique to the surface. The conveying action thus produced enables the 
screen to be operated in a horisontal position. 

4. Unbalanced-pulley Type. —In this t>T>e the screen surface and frame 
are vibrated by a mechanism containing rapidly revolving unbalanced pulleys. 

Ven t ofS pi! filler 
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Flo. SOa.~Vibr*Unt mechtnitia of AUio^CbUiaere ]oiv>b«td •croon. 

The AlUe-Ckolmers Icuhkead vihroHng screen mechanism is shown in Fig. 
SOa. The vibrator is driven by a pulley on the driving shaft (2), which is 
geared to the driven shaft (3) by the gears (4). The unbalanced pulleys (6) 
on the two shafts operate to balance each other in the plane of the cross section 
shown, but give maximum unbalanced effect when revolved 90 degrees into 
a plane perpendicular to that shown; thus the latter plane is the plane of vibra- 
tion. The vibrator is attached to the spring-suspended screen frame as shown 
in Fig. 806 to transmit this vibration at an angle oblique to the screen surface 
to allow horizontal setting of the screen. 

Capacity of Vibratino Screens. —This is dependent on so many factors 
IS rather nsky to give a general figure. However, Taggart’s figure 
of 10 to 10 tons per 24 hours per square foot of screen surface per millimeter 
aperture may be taken as average for usual ore-dressing work. If low efficiency 
IS acceptable, capacities may be somewhat greater. 

Opeiuting Data and Costs. —Six 4^ by 6- foot Hummer screens operate in 
dosed circuit with the rolls reported on page 32. These screens are set 
33.5 degrees with the honwntal and have Ton-cap screen cloth with openings 
•At by } inch, which has a life of about 70 days. Feed to these screens is 400 
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tons per hour, and they produce 150 tons of undersise per hour. The cost 
of screening is 0.75 cent per ton of ore milled. Sizing tests are shown in Table 


TABLE 26.— SI21KQ TESTS SHOWING WORE OF BUWER SCREENS 



Feu. 806.—Alli^Chftlmcry low>beed vibratina tenea. 


Revolvinq Screens—Trouuels 

Before the widespread adoption of vibrating screens, revolving screens 
were used extensively for sizirtg in roll-crushing and gravity-concentration 
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flow sheets. The developraent of vibrating screens and the decreased applica¬ 
tion of gravity concentration have resulted in the replacement and removal 
of trommeb from many older mills and in a lack of new installations. Several 
shapes of revolving screens have been used, but the revolving-cylinder type 
or trommel, shown in Figs. $la and $16, is the most important. Ore is fed 
inside the trommel, and undersize and oversize are taken out the spouts A 
and B, respectively. The revolution of the screen causes the particles to slide, 


Fm. Sla .—a wric* ot troaiaeb driven by toothed aetn. 


Pio. SIS.—Revolving tromuel. 

and a very slight slope in the direction of the length will cause the ore to work 
its way forward. The actual path of a particle on the screen surface of the 
^l^ath ^ it wiU be caUed the “heli- 

trommels there are two practices: One seeks the minimum 
faU by using a vep^ gentle slope, and to remedy the consequent thick bank 
ILT length. But the lesuit is that the thick ore bank 

hinders good screening, there is increased wear on the screen, and more power 
IB required for driving. The other practice seeks for more iXidual treat" 
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ment of the particles by using steeper slope. Incidentally, by the rapid pass¬ 
age of ore, the consequent thin bank of ore, and the lightness of the load at any 
moment, it obtains increased capacity, diminishes the necessary length of 
screen and the power to diive, and lessens the wear on the screen. 

By far the neater number of trommels used in the mills are cylindrical 
and they will, therefore, be discussed. 

A cylindrical trommel consists of a shaft of wrought Iron or mild steel, 
usually 2i inches in diameter. This shaft is mounted on boxes so supported 
as to give the required slope (see Figs. 81a and 81h). On the shaft are two 
or more spiders with radial spokes, usually four in number (see Fig. 82), The 
arms of the spider terminate in T ends. The screen plate or cloth is attached 
to the T ends or bent ends of the spider arms in a vaiiety of ways. Large 
heavy trommels have no shaft and run on rollers like a r^ mill (Fig. 47). 

At the upper end of the cylinder Is a short receiving cone of plate iron to 
prevent ore from backing out of the feed end. To catch the undersize, there 

is, beneath the trommel, a casing of 
wood or iron, with either a semicircular 
or a V^haped cross section, having its 
sides extended vertically somewhat 
above the axis of the trommel. The 
casing delivers the undersize in a spout 
near the lower end and the oversize 
in a second spout at the lower end. A 
dividing partition prevents these prod¬ 
ucts from mixiDg. The casing has a 
steeper slope than the trommel The 
shaft is driven from the lower end. 

Driving Mechant$m .—Trommels are 
usually driven direct by a pulley (Fig. 
Sib) or by beveled gears (Fig. 81a). 
The latter drive has the advantage of 
belting to a horizontal shaft and is 
probably cheaper in the end than are 
the complications arising when sloping 
countershafts and direct pulleys are 
used. In cement mills trommels driven by chain and sprocket have ^ven 
satisfaction. Individual drive for trommels is preferable, being a little more 
ind^endent, and therefore easier to repair and handle. 

Feedi7\g, Wet and Dry .—Trommels may be used for either wet or dry 
screening. If the material is treated dry, the trommel must be hous^ and 
some provision made for disposing of the dust. Trommeb are usually operated 
wet. If the ore is at all damp, water must be added or the material will 
blind the holes in the screen. Water is generally fed upon the outside of the 
up-coming side of the trommel by a spray pipe. The water is used to hasten 
sifting by washing the fine material through the holes, to prevent blinding 
of holes, and to lay the dust. One disadvantage of wet screening is that wet 
or even moist ore wears out the trommel much more rapidly than does dry ore. 
It also dilutes the pulp and frequently interferes with coarse crushing, since 
that operation Is more advantageously employed on dry ore. 

A steady feed is essential, for it is founa that, if the ore comes In spurts or 
if the trommel is overloaded, fines will be carried through into the oversize. 
Feeders, however, are seldom used in connection with trommels, but operators 
depend upon the bin feeders or preceding machines to maintain a steady 
fe^. 
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Size of TrommeU .—The trommels found in the mills vary considerably 
both as to diameter and as to length. It may, however, be stated that 3 feet 
is a favorite diameter and the most usual lengths are from 6 to 9 feet. 

The number of revolutions per minute and other factors being the same, 
the larger tbe diameter of the trommel the wider and shallower will be the bank 
of ore, and consequently the better will be the screening; but the greater will 
be the tendency to blind up the holes, owing to increased centrifugal force. 
The trommel roust be long enough to insure each particle a reasonable number 
of chances to pass through a hole. Evidently the deeper the ore bank the 
longer the trommel must be, but, if the bank is too deep, good screening is 
impossible. Screening is also affected by the site of the ore: the greater the 
proportion of undersise which is nearly as large as the screen holes, the more 
difficult is the separation, and therefore the longer should be the trommel. 

The elope is a most important factor, as it largely affects both the capacity 
of the trommel and the quality of the products. Other things being the same, 
the steeper tbe slope the more rapid will be the passage through, the shallower 
will be the bank of ore, the more nearly will individual treatment of the particles 
be secured, and, in consequence, the greater will be the capacity. Obviously, 
the slope cannot be increased to advantage indefinitely, because at 45 degrees 
a flat screen works freely (when run dry), and the flat screen uses the whole 
area, while the trommel uses only a narrow band of screen plate at one time. 

In practice we find slopes as low as ^ inch to the foot and as high as 3 and 
even 5 inches to the foot for special purpe^s. The most usual slope for trom¬ 
mels doin| wet screening is from t to inches to the foot. Trommels doing 
dry screening require a httle more slope than trommels screening wet and may 
have a slope of 2 inches to tbe foot. 

Revotuiiona range from 8 to 30 per minute; the speed of 16 to 20 is correct 
for a 36-inGb trommel. 

An increase of revolutions within certain limits increases the speed of con¬ 
veying the particles through the trommel, which thins the ore bank and thereby 
improves screening. This speed is dependent on two facts: (1) The particle 
is carried up the side of (he trommel and rolls down to a point nearer the lower 
end of the trommel than that at which it started, its path in space having tbe 
form of a saw tooth. (2) Centrifugal force makes the ore cling to the side and 
carries it higher but makes the angle of the saw tooth, or pitch angle of the 
helical path, narrower. The more rapid revolution, then, loses on conveying 
speed by diminishing the pitch angle but gains more than it lases by the 
increased number of saw teeth in its path per minute. This increase of speed 
of conveying the ore though the trommel goes on with increased re\'olution8 
until that speed is reached at which the ore will be carried o^'e^ by centrifugal 
force, and, when this speed is attained, conveying power is at an end. Another 
fact, however, completely vetoes this use of rapid revolutions for gaining speed 
of screening, and that is the fact that, as centrifugal force increases, it tends 
to blind the holes of the screen. This hindrance is so serious that it condemns 
altogether the seeking of great capacity by high speed of revolution; 20 revolu¬ 
tions for a 3e-inch trommel is as fast a speed as should be recommended. In 
one miU, trommels 36 inches in diameter were run at 24 revolutions w'hich 
proved to be too fast. In the opinion of the manager, 18 revolutions would 
have been right. 

Maienalo for Screens.—In regard to the relative advantages of punched 
plate Md mve cloth, we find both punched plate and wire cloth used in the con¬ 
struction of trommels, but so much depends upon tbe character of the ore and 
the bnd of screemng that no general statement is possible. Plate is stronger, 
less hable to break, and more easily repaired than cloth. It lasts longer and 
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usually costs less per ton screened. On the other hand, wire cloth generally 
has a larger percentage of opening and therefore has a greater capacity per 
unit of area than punched plate. In wire screens, too, the holes do not 
increase so much in size before wearing out as does punched plate, and there¬ 
fore there is less variation in the uniformity of the product. In wire screens 
also the round wire gives a taper downward and increases the likelihood of 
the screen becoming blinded by chips of wood or pieces of fibre. 

Sulphuric acid and copper sulphate are the most common corroding agents 
and, where these are present in the water, brass or one of the alloys of copper 
must be used in the construction of the screen. Otherwise steel is the usual 
screening mateiial. 

Power.—Fraser 4c Chalmers estimate power as follows for trommels 36 
inches in diameter and 72 inches long: 1 horsepower for a single trommel, U 
horsepower for either 2 or 3 trommels, 2 horsepower for either 4 or 5 trommels 
and horsepower for 6 trommels, to which 15 per cent should be added for 
friction of shafts, slip of belts, etc. This shows that the power is not considered 
to increase proportionally with the number of trommels. Increased capacity 
means increased power on the same trommel. The increase in power is not at 
all proportional to the increase in diameter; a 36-inch trommel requires but 
slightly more power than a 30-inch trommel; and, when its increased capacity 
is consider^, it will be found that the power per ton of ore screened is less in 
a 36- than in a 30-inch trommel; that is, the power per ton diminis es as the 
trommel increases in diameter. 

Capacity of Trommels.—It will be appreciated from the foregoing discussion 
that so much depends upon the character and condition of the ore that a general 
statement as to capacity is almost impossible. A variation of 2 or 3 per cent 
in the moisture content may not affect the screening of one ore, but the same 
variation in moisture may make it practically impossible to screen another ore. 
The capacity will depend upon the slope, the diameter, the speed of revolution, 
the length of the trommel, and the size of the screen opening. Taggart gives 
an average figure from a number of operations of 0.6 ton per square foot of 
surface per 24 hours per millimeter aperture for dry screening and 1.0 ton for 
wet screening. 

Id comparison with other types of screens it should be noted that at any 
given time only a fraction of the total screen surface is activelv engaged in 
screening. For this reason capacity per unit area of screen surface is bound 
to be considerably lower than in other forms of screens which utilize the entire 
screen area continually. NIoreover the slow gentle motion of trommels makes 
them more subject to blinding than shaking or vibrating screens. 

Table 27 gives average capacities of different diameters of trommels used 
for crushed stone or ore of average specific gravity and of a maximum size about 
twice the diameter of the screen holes. 

TABLE 27-— CAPACITIES OF TROtfUELS 


niaa)«t«r of Trent in«l. Ineb«o 
a*vo]utioBi per Minule. 



DUmeter of Bote*. 


Coptcit/ in Tone per Hour. 


2 ionbeo. 

1 ineb. 

i ineb. 

ineb. 

laeb. 

inch. 

niJUBeur*. 
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Opzratusq Data and Costs. —An idea o/ trommel efficiency in fine 
screening may be gained from the sizing tests in Table 2S on the products of a 
2 .milliineter trommel which is fed with materi^ that has been crushed through 
10 millimeters. It should be noted that the oversize product contains 19.0 
per cent finer than 1.651 millimeters and 7.8 per cent, or nearly half of this, 
lies between 10 and 14 mesh. 


TAfiLB 28. —SIZING TESTS OV PRODUCTS OP 2-MILLIMETBR TROMMEL 


TyUr Se/e«n 8ii«. 

Weif bt pBT C«b4. 

M««h. 

MilUmBipr*. 

OvpnlsB. 

UBderaiRB. 

Ob 3 

0.990 

9-7 

0.0 

On 4 

4.600 

91,9 

0.0 

Ob 6 

9.m 

29,0 

0.0 

Ob 6 

2.908 

19.9 

0.0 

Ob lO 

1.951 

0 9 

o.t 

Ob J4 

1.199 

7.8 

2.9 

On 20 

0.939 

4,2 

5,8 

On 49 

0.208 

4,9 

94 7 

Thmtb 49 

0.908 

2,7 

4 W 

99.9 

TomU 


i66.o 

ioO 


A mill in the Coeur d'Alene district of Idaho on an ore containing argentif¬ 
erous galena in quarts gangue reports the following data: 


MteNao*.a44« at plane. 

....4S mcbM in d^iMtar. 

Ko. I. N«. t. Np. I, 

. Tnmmti TrpaaMl ttcmnti 

. 15 BB. 7 BIB, tma. 

Bi* « iMd...... Tlumiib so BB, Tltfoutb IS BB, ThrouKh 7 mm. 

Capa«icy. leaa pt 94 bMin. SOD fnn 

C«al of ofoefttloa for antiro bUI MrooiUBf: 

... . . 

. . .. ^o«nU par top of nil!/tod. 


Tandem or Sectional Tromueu and Concentric or Jacketed Trom¬ 
mels. A tandem trommel has sections of different sizes of screen op)enings, 
the finest screen coming first, thus taking all the load and wear. Concentric 
trommels have two or more screen envelopes on the same shaft, the coarser 
screen being inside, Access to the inner screens is difficult, Sectional trom¬ 
mels are used in the preparation of crushed stone and jacketed trommels 
likeww, but they are not much used in ore-dressing plants. The object of 
both these devices is to save mill fall or height and to gain compactness of 
plant, but both these advantages are obtained at the expense of simplicity. 


The Callow Traveling-belt Screen 

The duplM type of this screen is shown in Figs. 83o and 836. It consists 
of an endless belt 2 feet wide, of any mesh from 10 to 200, traveling over rollers 
sinular to a v^ner belt. The natural sag of the belt provides a concave 
surface on which the material is sized. The screen is held in position and 
attach^ to sprocket chains at the side by strips of rubber which are riveted to 
the belt and which button onto the chains. The pulp is distributed across the 
^dth of the screen by the feed sole. The undersize is made to pass through 
the screen by a shaking spray near the tail roller; the ovei«ize remains on top 

removed by a tail-wash spray. The speed of travel variw 

»ot operate satisfactorily if 
makes a clean separation, the oversize 
carrying from 5 to 13 per cent of fines, and is doing very satisfactory work on 
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extremely fine sises. The approximate capacity of the duplex type where the 
feed 'is 50 per cent oversize is given in Table 29. The water in the feed may be 
as low as 3 parts water to 1 part ore and may be as high as 1000 gallons per 
minute when screening on 30 mesh with the duplex screen; but it should not 
exceed 120 gallons per minute where a 20- or 30-mesh feed is treated on an 
80-mesb screen. A thin Ia 3 ^r of ore on the belt gives the best results. 


TABLE 29.—CAPACITIES OP CALLOW SCREEN 


M ai«ab. 

. 250 lAM feed ia 24 baun. 1 

90 . 

.200 

• 1 

•• .. 

<0 " . 


14 

14 10 

eo *• . 

. 125 

M 

41 II 4l 

90 " . 

. 100 

41 

14 41 41 

100 " . 

. T5 

14 

41 44 14 

IfiO " . 

. 50 

” 

41 14 II 


The belt type of screen is suited only to fine screening, since the bending 
of a coarse screen around the pulleys will quickly cause bresicage of wires. 
This same bending is an advant^e in the fine screens, since it helps to prevent 
blinding and thus causes this type of screen to do fine wet screening more effi¬ 
ciently than any other form of screen. The field for this screen is, however, 
somewhat limited. 

The wet-belt screen with its range from 20 to 100 mesh completes the usual 
field of ore-screening devices of from several inches down to 100 mesh. The 
other common fields are: for bar-screen grisslies, about 10 inches to 1 or 2 
inches; for wet shaking screens and trommels, 5 or 6 inches to 1 or 2 milli¬ 
meters; for wet vibrating screens, 3 or 4 inches to 1 millimeter. Where the 
above screens are run onoon^iy material, the fine limit may be much lower. 















CHAPTER X 


CLASSIFYING AND SETTLING IN WATER 

For grading the ore below the fine limit of screening, recourse must be had to 
classifiers and settling devices, which depend upoti the ability of the ore parti' 
cles to settle in water. The laws of settling will first be discussed and then 
the various types of apparatus described. 

LAWS OF CLASSIFYING BY SETTLING IN WATER 

Free Settling and Hindered Settling Defined. —In order to design 
intelligently hydraulic classifiers, box classifiers, settling tanks, and jigs, the 
laws governing the rate of settling of particles in water must be understood. 

Two conditions of the settling of grains are recognized. As these conditions 
are distinct from each other, their laws must be studied independently. They 
are called "falling under free-settling conditions" and "falling under hindered* 
settling conditions." 

Free eeUlin^ takes place where individual particles fall freely, either in still 
water or against an opposing upward current, without being hindered by other 
particles. Classifiers and settling tanks illustrate this principle. 

Hindered sealing takes place where particles of mixed sizes, shapes, and 
gravities in a crowded mass, yet free to move among themselves, are sorted in a 
rising current of water, the velocity of which is much less than the free-falling 
velocity of the particles but yet fast enough so that the particles are in motion. 
The arrangement of the particles is so positive that, if one of them be moved 
either upward or downward from its chosen companions, it w'ill be found, when 
set free, to return immediately to practically the same group an before. The jig 
beds as w*ell as the hindered-seUling classifiers illustrate this principle. 

Free Settling, General Princifles. —The conditions affecting free 
settling will be first considered. Under free-settling conditions the rate of 
falling of particles depends, other things being equal in each case, upon the 
following: 

1. Specific (7rawfy.—Of two particles having different specific gravities, 
that having the higher will fall faster. 

2 . Siu ^—Of two particles, the larger will settle faster in the water. 

The specific gravity and size have a further effect upon the rate of accelera* 
tion of the particles during the time they are acquiring their fuU velocity, that 
is, before they reach the point where the friction of the water, plus the force of 
the rising current, if there be any, balances the force of gravity. This effect 
is that, of two particles w'hicb are equal settling, the smaller particle with higher 
specific gravity reaches its full velocity quicker than the larger particle with 
lower specific gravity, or, in other words, it has greater acceleration. 

3. Shape .—Of particles which just pass through the same screen, the 
roundish grain settles faster than the long, narrow grain, and the latter settles 
faster than the fiat grain. 

4. Air Bubbles .—Of two particles, one of which retains adhering air bubbles 
while the other does not, the latter will settle more rapidly. Water is some¬ 
times 80 charged with air that bubbles form upon immersed grains and tend 
to fioat them. 
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TABLE 30— rREE- 8 ETTLma yELOCmES or QUABTg AOT OALEl^ 


AT«rM« 

of u> 


a 99 
10 M 
9 w 

7 99 
4.41 

4.49 
4 99 
4 17 

9.49 

9.99 
9.44 
9.39 

1.99 

1.99 
1.97 
1.19 
1.04 
0.91 
0.79 
0.03 
0.91 
0.41 
0.93 

0.909 

0.909 

0.994 
0.190 
0.199 
0,190 
0.199 
0.199 
0.191 
0.116 
Q (19 
0.0019 
0 0940 
0.0900 
0.0747 
0.0090 
0.0030 
0.0999 
0.0908 
0.0478 
0.0499 
0.0977 
0 0944 
0.0910 
0.0393 
0.0307 
0.0399 
0.0233 
0.0300 
0.0199 
0.0193 
0.0101 
0.0144 
0.0136 
0.00894 
0.00903 


AtctW* 

Valo«(y. 

mfB- ptt 
8*«oad. 
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V«loeity. 
mta. Der 
SmowLF. 


IIaUo 

. lASSfb, 

CoBpawa /. 


QoMis Veloatia*. 


999 

961 

940 

909 

399 

300 

940 

399 

300 

101 

109 

100.7 

140.6 

190.0 

118.4 

109.0 

04.9 

94.1 

70.7 

07.3 

03.7 


021.3 

070 

999 

497.9 

400.3 
431 
900 
900 

990.3 
909 
900.0 
373 
344.0 

334.9 
319 3 
310.0 
301.0 
171.7 
197 
140 
ISO 


41.3 

119.2 

91.9 

101 7 

41.67 

109 9 

*4.49 

99.5 

38.67 

37.1 

94 96 

80.4 

SO 41 

77.0 

17.24 

71.1 

14 46 

66.1 

13 05 

64.0 

10.30 

63.7 

8.66 

61.3 

7.14 

60.3 

6.02 

94.4 

6.09 

92 4 

4.36 

*0.9 

8.67 

49.3 

8.00 

47.3 

3.63 

49.1 

3,13 

42.4 

1.78 

40.4 

1.90 

39.4 

1.36 

37.1 

1.06 

39 
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3*.4 

0.746 

*3.1 
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*0.29 

0.636 

29.49 

0.443 

33.6 

0.378 

27.4 

0.313 

2* 05 

0.363 

34 7 

0.320 

94 3 

0.186 

23.89 

0.196 

31.6 

0.131 

30.1 

0.110 

16 91 

0.0994 

12.81 


0.0*30 

0.0300 
0 0*00 
0 0919 
0 0949 
0 0179 
0 0343 
O.OIIO 
0.0179 
0.090S 
0.6900 
0.6190 
0.6000 
0.9094 
0.9499 
0,9002 
0,4004 
0,4903 
0.4090 
0.4000 
0.4000 
0.9071 
0.9199 
0 9009 
0 4 303 
0 9379 
0 *090 
0.3009 
0.9437 
0.2199 
0.(909 

0.1039 
0.1999 
0.1199 
O.IUI 
0.0904 
0 0040 
0.0739 
0 0090 
0.099* 

0 0900 

0.0441 

0.0990 

0.0940 

0.0*03 

0.0309 

0.03*0 

0.0307 

0.0179 

0,0199 

0 0196 

0.0190 

0.0106 

0.00909 

0 OOStO 

0.00739 

0.00709 

0.00649 

0.0096* 


A*4rt#« 

ol 

Grftio 1ft 


ATcrftca 

Valoeity. 
tBP). per 
Beepftd. 


CoiDpuMd 

Velocity. 

sSS'^Tk. 


Rfttio 

I 

I Computed/. 


OftleoB Volocilie*. 


11.99 

10.30 

9.69 

7.93 

6.41 

6.46 

4.96 
4.17 
9.4* 
3.89 
3.44 
3.38 

1.96 

1,99 

1.97 
1.19 

1.04 

0 91 

0 76 

0.69 

0.91 

0.41 

0.83 

0 949 

0 379 

0 2(9 

0 160 

0.137 

0.106 

0.0967 

0 0699 

0 0799 

0 0714 

0 0667 

0 0999 

0 0973 

0 0999 

0 0494 

0 0497 

0.0419 

0.0401 

0.0*90 

0 0994 

0.0911 

0 03*4 

0 0396 

0 0299 

0.0819 

0.0309 

0.0199 

0.0176 

0.0160 

0.0149 

0.0141 

0 0194 

0.018* 

0.0113 

0.00996 

0.00790 

0.00700 

0.00999 

0.00493 

0.00491 

0.008*0 

0.00193 


694 
669 
610 
736 
6*0 
691 
996 
99* 

918 
460 
430 
443 
370 

330.9 

369.1 

370.1 

293.9 

837.9 

307.9 

192.9 
160 4 

136.1 

109.1 
129 

ni.i 

99.9 

74.6 

63.6 

99.6 

49.9 
*7 0 

31.3 
26.) 

22.3 

19.9 
IS 6 
1 * 0 
11.0 

6.36 

7.79 

6.46 

9.46 

4.96 
9.66 
9 29 
2.72 
3 20 
I 98 
1.61 

1.96 
1.14 
0.996 
0.906 
0.676 
0.968 
0.476 
0 401 
0.387 
0.883 
0.238 
0.200 
0.168 
0.141 
0.118 
0.0999 


12*9 

1142 

1093 

968 

906 

936 

769 

781 

67 i 

607 

997 

9*6.9 

466 

446 

418 

860 

864 

841 

811.9 

269.9 
299 
826 
302 

306.6 
166 

169.6 

149.9 
127.3 
116 2 
111 

109.9 

100.1 

99 2 

98 3 
97 0 
89.0 
82.0 
79 4 

74.6 

79.1 

71.6 
70 6 
67 2 

68.9 
60 3 
97.0 
9.4 4 

99 0 
91 7 
49 6 

47 4 

49.3 

48 6 

42.4 

41.4 

40.5 

37.6 
84.95 
81 8 

29.6 

27.9 
25 1 
28.43 
30.$2 
18.91 


0.7676 
0.7576 
0.7704 
0.7916 
0.7912 
0.7947 
0.7399 
0.7298 
0.7694 
0,7407 
0.7699 
0.9197 
0 7622 
0.7495 
0.7067 
0.6689 
0.6644 
0.6667 
0 0667 
0.6788 
0.0929 
0 5466 
0 5103 
0.5670 
0.99*6 
0.9344 
0 9139 
0 4717 
0 4717 
0.9932 
0.3971 
0.3129 
0.2763 
0.8404 
0 8108 
0 1831 
0 1979 
0.1403 
0.1841 
0.1066 
0 0906 
0 0774 
0.0683 
0 0614 
0 0941 
0.0478 
0.0418 
0.0862 
0 0313 
0.0374 
0 0241 
0 0212 
0.0185 
0 0166 
0.0187 
0.0118 
0.0106 
00666 
00860 
00797 
00737 
. 00670 
0.00997 
0.00576 
D.0071S 


mutual attraction of the particles, and fall much more rapidly than the latter, 
in which the particles fall individually. 
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6 . Density of Liquids .—In two liquidd of different density, a particle settles 
more rapidly in the lighter liquid. This principle holds true even when a liquid 
has a density greater than the specific gravity of the ore particles; the particles 
will then float on its surface. Again the particles may have two different 
specific gravities and the density of the liquid lie between them, in which case 
the particles of low specific gravity will float while those of high will sink, and a 
separation will be effected thereby, according to the principle of intermediate 

density. 

7. Viscosity .—In two liquids of different 
fluidity the rate of settling of a particle is more 
rapid in the more fluid liquid. 

Richahos Spitslutte for Laboratory 
Work. —^This device, shown in Fig. 84, is of 
great value in preparing a set of products under 
free-settling conditions for purpose of study. It 
conrists of a feed hopper a, a sorting tube h about 
2 feet long, a vortex pressure box c, a bottle spigot 
d (closed spigot), an overflow s, w'itb bucket/. 

To make a series of products, one can begin 
with the fastest current, catching the spigot 
product in d and the overflow in /. The spigot 
product is saved as a finished product and the 
overflow recovered, to be treated again with the 
next lower current. This is repeated over and 
over until a set of finished products is obtained. 
The best sise of sorting column is from 1 to 
inches. The slowest current can be used first, 
in which case the overflow will be the finished 
product and the spi^t will be recovered and 
F.O. 84 .-Ri.h.rd. Ubor.toTy *6“'" Current. In this method 

ihe sljme IS not diluted, and the method is to be 
recommended over the plan of using the fastest 
current first. No water is used except that fed at the vortex. 

A .set of products obtmned, they may be studied as to character and relative 
sizes. Figure 85 shows 13 such products obtained from an artificial mixture 
of galena and quartz, each product being sized by the use of 19 ^cves. The 
vertical columns represent the 13 products. The horizontal lines represent 
the individual sizes in each product. The first and second products are coarse 
galena; the third shows a little coarse quartz with finer galena; the remaining 10 
show galena finer than the quartz. 

Velocity or Sbttlino ukdbh Free^settliko Conditions. —Having 
obtained a series of classified products, it is possible to calculate average sizes 
of grains against average velocities, and Table 30 gives the average rate of 
settling of quartz and galena grains of different diameters expressed in milli¬ 
meters. This table is the result of a long series of experiments. 

Discussing these results mathematically from the point of view taken by 
Rittinger, we have, in Fig. 86, a jar A, with water in it up to Bj X, a U tube 
w i t h a square section, wh i cb we shall call D meters square inside section. Upon 
the lower end is a cube of mineral B, D meters cube; and within the tube is a 
column K of water just high enough to balance the weight of the cube E. 
Then D is the width of the cube of mineral in meters. 

5 is the specific gravity of the mineral, 2.65 for quartz, 7.5 for galena. 

h is the column of water to balance the gredn. 

ft » D(3 - 1) 




CLASSIFYING AND SETTLING IN WATER 


131 



5 lLL«jnv? 


Bittinger assumes that, because a column A metci^ high balances the 
weight of a stationary grain, therefore the velocity due to A, if ' '"/.u 
to prevent the grain from falling; or, m other words, it is the velocity oMhe 
fall of the grain. On this bash? he tells us from the formula V - 


Fio. 85.—Separation of quarti and aakna by frao^ttlins claaaifier and flovoa. 


when g « 9.8024 meters, * 4.42773 mete rs, that t he velocity V of 
settling in water of grains of minerals is K = Cy/D{6 — 1), w'here C is a con¬ 
stant. 

C = 2.44 for average grains- 
— 2.73 for roundish grains. 
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Si 2.37 for long grains. 

— 1.92 for flat grains. _ 

Rittinger’s C seems to be made up of f\/2g, where / is a factor due to 
friction. 

In Table 30 the column marked Compute d Velocity 
is obtained from Rittinger’s formula V * \/^“s/D(h — ly, 
omitting the /. In the column marked i^tio of Average 
Divided by Computed, we have a value for /. The value 
of this factor is practically constant for grains larger than 
1.55 millimeters in diameter. For galena it is 0.7558, for 
quarts 0.6157. But for grains smaller than 1.55 mi)li> 
meters in diameter, the value of / decreases in a most 
extraordinary degree. This discrepancy between the 
values shows that Rittinger’s universal formula for all 
minerals is not universal and that it needs some added 
factor which will provide for the differences in specific 
gravity. This may be overcome for practical purposes by 
simply determining the factors for different specific gravi¬ 
ties, as has been done above for quarts and galena. 

In Fig. 87 two Gur\*es for quarts and galena were draw'n from the average 
diameters and velocities by using logarithms of the numbers instead of the 
numbers themselves. The abscissas are the logarithms of D, the ordinates are 



Pjo. 87.—Lostriibmjc eurvM of velodtiM Ofid diaoMton of tbo comploto wries. 

the logarithms of V. The advantage of the logarithmic curve is its compactness 
and the ease with W'hlcli the formulas can be derived from it. A curve made 
from natural numbers would be many feet long. 



B 


Fio. 88.—ColuBB 
of wator to fupport a 
«ubo of mineral. 













CLASSII^YING ASO SBTTLISQ 2N WATER 

The curves show at once two that they are practically parallel, 

«nd that they are divided in the main into two parts. 

The points for the smaller grwns, which follow one law (the law of viscous 
resistance), are on a straight line A. The points for the larger grains, which 
follow another law (the law of eddying resistance), are also on a nearly straight 
line B. Between the two lines A and B is the critical or transition space C. 

The derivation of the Imo of viscous resistance is as follows: 

For the case of a small sphere falling slowly through a viscous fluid, Sir 
G G. Stokes has deduced from pure theoretical considerations for the terminal 
velocity V, of the sphere, the following formula: 



where r * radius of the sphere. 

g — acceleration due to gravity, or 981 centimeters per second, 

S s density of the ^here. 

S' * density of the fluid. 

n « the coefficient of viscosity or “inner friction“ of the fluid. 

The quantities are all expressed in c-g-s. (centimeter^ram-second) units. 

For water at 20 degrees cenUgrade 5' « 1, and n * 0.010; hence the for> 
mula would become 

K -/«:(« - l)i)» (-4) 

where the constant K should theoretically be the same for particles of all 
densities; but, since it involves n, it would change about 2 per cent per degree 
for temperatures different from 20 degrees centigrade. 

If V and D are taken in millimeters instead of V and r in centimeters, the 
formula becomes, by substituting known quantities, 



or 

V » 645(3 - l)D^ 


For a given substance (3 — 1) would also be constant; so we should expect 
to find that the velocity of settling would be simply a constant times the square 
of the diameter of the particle, or 

V - X'D* 


where K' = K{6 - 1). 

Or, taking logarithms, we have 

log K » log X' + 2 log D 

That such a simple law is followed closely by both quartz and galena is 
shown very clearly by reference to the log^thmic plots (Fig. 87). The points 
on the lines A lie very strikingly on a straight line, whose slope is nearly 2 to 1; 
that is, log V is increasing just twice as rapidly as log D, as it should, accord¬ 
ing to the formula above. The value of log K' is the intercept on the V axis 
(that is, the value of log V when log D — 0), from which we get readily the 
values for K', namely, 700 for quartz and 4100 for galena. The correspond¬ 
ing values for K in formula (A) would be 
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^ “ ( 2 . 65 ” 1) " 

and 

K « for galena 

values which differ considerably, it is true, but which lie on either side of the 
theoretical value of 645. 

The derivation of the law of eddying reeistance is as follows: Stokes’s equa> 
tion is derived on the assumption of small velocity and a resistance due entirely 
to viscosity proper, and it is known not to hold above a certain critical veloc¬ 
ity” when the resistance due to eddying motion set up in the fluid becomes 
appreciable and important. For such high velocities a complete theory seems 
to be almost impossible; but Sir Isaac Newton pointed out that the resistance 
might be expected to vary as the square of the velocity. In other words, 
R ~ kV*y where R is the re.^stance to motion and fc is a constant. Evidently 
when dynamic equilibrium is attained, A is just equal to the effective weight of 
the particle in the liquid. The effective weight has been shown above to be 
D(B — 1). Substituting this value Z>(3 1) for A in the equation above, 

we have 

£>» - 1 ) - kV^ 

from which we get, by extracting the square root, Rittinger’s formula: 

V - CVD{i - 1) {B) 

(using C outside the radical in place of | inside). 

We should expect thb to hold only when Newton’s law of resistance is fol¬ 
lowed, and the results indicate that this is more nearly true the greater the 
velocity; that is, when the true viscous resistance plays a continuously less 
important part and the eddying resistance an increasingly important part. 

The existence of the ”critical velocity” and the transition from the law 
of viiccue remfance (i4) to the very different law of eddying resistance (B) 
are strikingly shown on the plot by the decided change in the slope of the lines 
for both quarts and galena l^tween the lines A and R. Actually, the slope for 
both quartz and galena does become about one-half fror^e to / and from k to i. 
The formulas thus indicated are for quartz V » llZy/D and for galena V s 
250%/D> (The data would be represented over a somewhat larger range, g to 
i and d to /, by the formulas V “ for quartz and V » for 

galena.) 

Bringing in the specific gra\'ities (in other words, finding C for the Rittin ger 
formula) would change these two expressions into V ^ 87\/(^ — 1)D for 
quartz and V = — 1)D for galena. (The constants 87 and 100 

would correspond to 2.7 and 3.2 in Ritfinger’s formula, when V and D are 
expressed in meters instead of in millimeters.) 

We see again a distinct individuality In the constants for the two substances. 

The critical velocities are apparently about 83 millimeters a second for 
galena and 28 millimeters for quartz, and the corresponding critical diametem 
are about 0.13 millimeter for galena and 0.20 for quartz. Of course, in this 
neighborhood, neither of the derived formulas will apply very closely. Owing 
to the decided change here, a simple formula to cover the entire range seems 
quite out of the question. 
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It will be noticed that the four or five observations on the smallest galena 
oarticl^ lie a little off the line A, as do also two observations on quartz. It 
IS difficult to see why these cases should deviate from Stokes s law, V 

dready very slow settling of the particles is made apparently ^ 

currents in the water, owing to temperature changes, which would ^ 
^most unavoidable outside of a weU-regulated thermostat or chamber supplied 
with means of maintaining a constant temperature. An empirical lormuia 
pould be made to fit these few observations but it seems hardly necessary, in 
fact the values of the velocity over the whole range can be read from the plot 
as accurately and more readily than they could be computed from the formulas. 


TABLE 31. —DIAMETERS, VELOCITIES, AND FREMETTLINO RATIOS OF QUARTZ 

AND GALENA 


Vtio«i(y. Mm. p«r 
Aseond 

Di«meter Av«n«A 
Qukrti OntiB. 
AfltUDMler*. 

Di*m«t«r 

0«JeBB GrBiik. 
MlUioMtors. 

lutio 

Di«m«Ur QgBTt*: 
DiBtDBUr OulraB. 

MS 

11 99 

1.99 

3.995 

Ml 

10 90 

1.70 

.5.754 

MO 

9 03 

1.09 

5.940 

SOS 

7.93 

1.41 

5.191 

SS9 

0.41 

1.33 

4.330 

soo 

0.40 

MO 

4.953 

240 

4.90 

0 90 

4.073 

S29 

4.17 

0 99 

4.090 

900 

3.40 

0.77 

4.519 

101 

t.U 

0.59 

4.492 

1M.7 

9.99 

0.599 

4.373 

140.0 

1.05 

0.470 

1.930 

190.0 

1.05 

0.410 

3.750 

ns,4 

1.37 

0.914 

4.360 

IDO.O 

1.10 

0.959 

4.923 

04.3 

1.^ 

O.Ul 

4.503 

14.1 

0.01 

0.199 

4.595 

TO.7 

0 79 

0.151 

4.730 

07.9 

0 09 

0 199 

4.533 

09.7 

0 51 

0 100 

4 512 

41.9 

0 41 

0.0991 

4 459 

Sl.O 

0.98 

0.0902 

3.901 

».07 

0,994 

0 0752 

3 959 

94.M 

0,190 

0 0092 

9.570 

90.41 

0.199 

0 0034 

9,570 

17.94 

0.150 

0.0317 

9.555 

14,40 

0.199 

0,0343 

3.477 

19.00 

0.190 

0.0309 

9.475 

10.90 

0. 191 

0.0440 

9.719 

9.00 

0 . no 

0.0499 

9.704 

7.14 

0 119 

0.0411 

9.725 

0.09 

0 0919 

0.0395 

8.903 

9.03 

0 0040 

0 0374 

8.208 

4.90 

0.0000 

0 0315 

t.959 

9.07 

0.0747 

0.0305 

2.449 

s.oo 

0.0009 

0.0278 

8 933 

9.02 

0.0099 

0 0242 

8 399 

9.19 

9 0559 

0 0298 

9.484 

1.79 

0.0503 

0.0213 

2.301 

1.00 

0.0470 

0.0900 

9.390 

1.90 

0 0425 

0.0(90 

9.339 

1.00 

0 0377 

0.0199 

9.281 

0.997 

0.0944 

O.OIM 

9.9(9 

0.740 

0 0310 

0 0145 

9.900 

0.097 

0,0909 

0.0133 

2.044 

0.090 

0.OM7 

0 0131 

2.039 

0.442 

0.0253 

0 0121 

2.091 

0,379 

0.0232 

0 0105 

9.810 

0.313 

0.0209 

0.00599 

2.870 

0.909 

0 0199 

0.00747 

2.517 

0 990 

0 0192 

0.00709 

2.503 

0 iss 

0 OlOl 

0.00540 

9.948 

0.130 

0.0144 

0.00403 

3.097 

0.131 

0 0(90 

0.00399 

3 250 

0.110 

0 0024 

0.00994 

0.00509 

0.00253 

3.494 


Summary. —The above discussion of the experiments thus indicates that 
two quite different laws are followed by settling particles, depending on 





136 


TEXTBOOK OF ORB DRBSSIf^G 


whether the velocity is above or below a cerUun transiUon or critical point. 
Below this critical velocity the law is expressed by the formula: 

1)Z>* (A) 

and above this critical velocity the law is expressed by the formula of Rittinger: 

V « CVD{6 - 1) (B) 

The values of K indicated by the experimental data are 424 for quarts and 
631 for galena; and the values for C are 87 for quarts and 100 for galena. 
These values of K and C apply when V is expressed in millimeters per second 
and D is expressed in millimeters. 

Fbemettlino Ratios.—T able 31 is given for the purpose of showing the 
manner in which the free-settling ratio of quarts and galena varies with 
the different sites. The average free-settling ratio for quarts and galena is 
3.9 to 1. A Mint of especial interest b the marked drop in the ratio when we 
pass below the so-called “criUcal point,” 0.2 millimeter in the case of quarts 
and 0.13 in the case of galena. From the formulas of the preceding paragraph 
the average ratio above the critical point b 5.23 to 1, and below the critical 
point 2-43 to 1. Here we note a very close agreement between the theoretical 
\'alues and those obtained by experiment. 

Theoretical Value for HiNDERSD-sBiTLiNa Ratio.—I t has been shown 
that the velocity of mineral grains und er free-settling conditions is given 
by Rittinger’s formula V - CVD{6 - 1), where C - 87 in the case of quarts, 
or 100 in the case of galena. We may write thb formula V » — L), 

whore L equals the specific gravity of the medium in which settling takes place; 
1 in the case of water. As we pass from free settling to hindered settling, it 
U vop' evident that there b no dividing line, upon one side of whicli grains arc 
obeying the laws of free settling and upon the other the laws of hindered set¬ 
tling- The average specific gravity of the sand and water in the sorting column 
or quicksand column will always vary as the amount of sand varies. It is, 
therefore, only natural that in the case of hindered settling we should place 
L equal to the average specific gravity of the material in the sorting column. 
This, under the usual conditions, has been experimentally determined as 1.5 
where the bulk of the sand in the sorting column b quarts. The hindered- 
settling velocities of quartz and galena may now ^ determined as follows, 
applying Rittinger’s formula with the proper coefficients: 

Vq - 87VD«(2.64 - 1.50) 

Vg - 100VDg{7.50 - 1.50) 

Equating velocities, we get 

87V/)9(2.64 - 1.50) * 1CM)VI>^(7.50 - 1.50) 

or the hindered-settling ratio 

Dq 60,000 6.95 

Dg 8628.66 1 

which, as will be seen later, agrees very closely with the latest determinations 
made by the author. Thb value b not in reality a constant, but remains 
fairly constant until we come to the fine sizes, particularly dzes smaller than 
0.2 millimeter. Below this size the ratio may be obtained from the formula 
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V @ K(S — L)D*t using the proper coefficients, previously given.. The values 
obtained from this latter formula are rather smaller than those obtained in 
nractice. V in either case gives the average interstitial veloci^. 

^ Tobolab Classifier Tests on Hindered Settling. —The author nas 
made tests to determine experimentally the hindered-settling rati^ 
and galena. The apparatus used for these tests is shown in Fig. 88. It 
consbts of a tin cone o, with an overflow /, united to a tube of gla^s o by a 
rubber connector c and having a water supply d, regulated by the cock and a 
bulb e joined by a rubber connector h. If this apparatus be filled with water, 
and a sample of mixed sands w'hicb has passed a 2-millimeter 
screen be charged gradually at the top and a slight upward 
current of water be admitted through the tube d, the sands 
rapidly assume a condition of approximate equilibrium. 

Here we have sands of two different specific gravities, 
ranging in sizes from 2 millimeters to 0, which are held in 
gently moving suspension by the slow upward current, and 
in a crowded condition, so much so that the volume of sand 
in the tube at any given time is nearly, if not quite, equal 
to the volume of water. The tube used in the test was 6 
feet long, and the bulb was of 25 cubic centimeters capacity. 

After the quartz and galena had been fed, time was allowed 
for the grains to come to equilibrium. At the end of an 
hour and a half, while the sands were still in gently mov¬ 
ing suspension, the current was slackened by means of the 
cock g, and the heavier grains allowed to settle into the 
bulb e. When the bulb was full, it was replaced with 
another previously filled with w'ater, and so on for succes¬ 
sive bulbs. Forty-five drawings in all were made. These 
were dried and then sized by a series of sieves, the products 
on the successive sieves being finally laid out in Fig. 89. 

From an analysis of the products, and knowing the weights, 
the size of the average grain of quartz and galena in each product was computed. 
The average ratio obtained in the test was 6.9 to 1 as quartz is to galena. This 
agrees, as will be seen, with the theory of the preceding article. 

Below are given the actual ratios contain^ in a number of the drawings 
or spigots. 


Spjfot. 

Rfttio. 

^>ico4. 


19 

9.09 

29 

9.39 

17 

9,11 

27 

8.00 

18 

9,07 

38 

6,90 

19 

9.?3 

22 

7,89 

20 

7.22 

80 

9.2t 

21 

6.93 

81 

9.30 

22 

6.95 

82 

6.25 

22 

9.28 

88 

8.75 

24 

7.50 

84 

9.27 

25 

9.21 

85 

5.88 



89 

8.12 


In calculating the average hindered-settling ratio, it is, of course, necessary 
to leave out of consideration spigots 1 to 12, which are pure galena. The 
spigots 1 to 15 are omitted in order that the classifier may have time to get into 
good working condition. The last spigots, 37 to 45, are also omitted, since 
they do not show sufficiently the hindered-settling characteristics. The value 
for the ratio, that is, 6.9 to 1, is then obtained by taking the weighted mean. 
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Fia. 89.—Scpantion of qusrU tod icaiona by bind«rod-«ettlin|; rlaasifi^r and sieves. 
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lilgure 89 shows a photograph of this run. In the cut the particular points 
of interest are (1) the range of clean quart* hills occupying the upper right- 
hand corner of the illustration, (2) the range of clean galena bills occupying 
the lower left-hand comer, and (3) the valley between these two r^ges. 
This valley, almost destitute of grains, is made up of mixed heaps containing 
both quarts and galena. If one were to compare this iUustration with a similar 
one, such as Fig. 85, obtained under free-settling conditions, the true signifi¬ 
cance of hindered-settling would at once be apparent. In the case of free set¬ 
tling we should see a much greater number of mixed heaps, particularly in the 
later bulbs. The valley al^ would be much less apparent. In other words, 
hindered-settling conditions result in a considerable increase in the ratio exist¬ 
ing between the diameter of the average grain of quart* or light mineral and the 
diameter of the average grain of galena or heavy mineral. In order that hin- 
dered-settiing conditions may obtain, a quicksand column must be maintained 



Fio. SO.—HiDd«r«cl-Mttlinc e]ft»i6«r M ftir^ofed for full tooUr tMt. 


in which the mineral grains are able to move up or down freely, and at the same 
time the discharge below must be free. This brings up the question of design¬ 
ing a hindered-settling classifier so as to realise the above conditions. This 
(mestion will be treated later, and before discussing the matter further some¬ 
thing needs to be said m to the velocity of the rising current necessary to realize 
hindered-settling conditions; that is to say, the rising current necessary to keep 
the grains m condition of full teeter. 

Fulp-teeter Velocities op Quartz anp Galeka.— The objects of the 
test about to be described were (1) to determine the velocity of rising current 
necessary to keep a de^te volume of grains of known size in a state of full 
teeter and (2) to determine the ratio between this velocity and the free-settling 
velocity of gr^ns of the same size, this latter fact being of value in designing a 
nindered-settling classifier, as will be shown later on. 

The apparatus was arranged as shown in Fig. 90. A definite amount of 
pure qums or pure galena, which had been carefully sized and its volume 
accurately determined was introduced into the first sorting column of the 
ciassmer arranged as shown, and several observations were made 
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2. Material just not teetering—measuring the length of tube now filled by 
the material, the reading of the water column which was used to measure the 
pressure of the rising current, and the number of seconds necessary to obtain 
1 liter of overflow. The latter measurement was for the purpose of deter¬ 
mining the rising current in millimeters per second. 

3. Material m full teeter. Same observations as in (2). From these 
observations the data given in Table 32 are derived. 


TABLE 32.—PULL-TEETER VELOCITIES OP QUARTZ AND GALENA 



2.99 
2.<9 
9.09 
I.SI 
1.46 

i.ir 
i.ko 
0.S7 
0 $4 

o.ss 

0.67 
0.4S 
0 IS 
C IS 
0.14 
0.20 
0.J6 
0.IJ6 



The reader should not get the idea that the velocities given in Table 32 as 
full-teeter volocitiea are something separate and distinct from free-settling 
velocities. They are not. These velocities are merely the velocities of the 
rising water currents in the sorting column at a time when there is no sand in 
the column. The moment hindered-settling conditions are reached and the 
grains are in a state of full teeter, a new condition of affairs has to be taken 
into consideration. A large part of the area of the sorting columns is now 
occupied by sand, and the actual velocities of the water currents in the inter¬ 
stitial spaces are much greater than is indicated by the so-called “full-teeter 
velocities/^ In fact the actual velocities may momentarily equal the free- 
settling velocit ies. TT^es e actual velocities may be computed from the for¬ 
mula V — C\^D{6 — L) or determined by experiment. The whole matter 
comes down to this: A rising current which is totally unable to lift a single 
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gfftin of given siee is able to keep in condition of full teeter a considerable 
of grains of the same sise and weight. The application of this work to the 
designing of a classifier we shall take up later. 

^RCE Settling versus Hindered Settling. —As has been indicated 
heretofore, the essential difference between a product classified under hindcred- 
settling conditions and one classified under free-settling conditions is the liigher 
ratio ^tween the average diameters of the lighter and heavier minerals in 
the case of hindered settling. High ratios do not, however, mean hindered 
settling or even good classification. It is possible, by overfeeding a free-settling 
classifier, to throw large grains of light mineral, which should go into the first 
spigot, into the later spigots and thus to obtain high ratios. If such a product 
is screened and the various sises spread out as in Fig. 89, no valley will be found 
to exist, or at best there will be only slight evidences of such a valley. A 
product of this sort is not well suited for further treatment. The true htndered- 
settiing product, on the other hand, shows not only the high ratio, but, if 
screened and laid out as in the above-mentioned cut, shows very distinctly the 
characteristic valley. In the free-settling classifier there is a great tendency for 
fine particles of the light mineral to be carried down mechanically into an 
earlier spigot than that in which they really belong. This holds true to a con¬ 
siderable extent even in the most perfect classifiers and under the best con¬ 
ditions obtainable in the laboratory. In the case of the hindcrcd-settling 
classifier, however, the fact that the grains are kept in a state of agitation in the 
quicksand column, constantly colliding with neighboring grains and teetering 
up and down, tends to break up any such couples and to allow each grain to 
take its proper position. The smaller grains of light mineral then have an 
opportunity to pass over into the next pocket, and so on until they reach their 
destination. This fact alone can account for the higher ratios obtained in 
hindered settling and the better classified product. 

Application to Classipier Design. —In designing a cla.ssifier the problem 
arises of how much hydraulic water per minute is required to give tho desir^ 
rising current. It is the author’s practice in designing a classifier to base hi.s 
calculations on the light mineral, allowing the heavy mineral to take care of 
itself. Suppow, then, that we have a product crushed through 2 millimeters 
and that we wish to have in the first spigot grains from 2 to 1 millimeters in size, 
taking into consideration the quartz or light mineral alone. From Table 30 
we find that the required rising current for l-millimeter quartz is 91.3 milli- 
metere per second. We know the area of the sorting column and can compute 
the liters or gallons or cubic feet per minute necessary to give this rising 
current. In case of classifiers running with open spigot, a quantity of water 
must ^ used in excess of this, sufficient to make up for that discharged through 
the spigot. It will be noted that the author uses as the rising current the free- 
Mttling velocity of the smallest quartz or light-mineral grain which it is 
desirable to have in the spigot. This plan has been used successfully for a 
number of years, and sizing teats of the products show that it yields practically 
90 per cent of grains coarser than the desired size. When we come to the 
tundered-settlmg classifier, the only difference which arises is that, instead of 
taiang into consideration the area of the quicksand column, only the sorting 
coluM or constnetion below is Uken into consideration, and this is figured 
e^tly ^ in the case of free settling. In designing a hindered-settling 
cla^iner the ratio between the area of the sorting column and the area of the 
quicksand ebamber or teeter chamber U of great importance. The figures in 
the last column of Table 32 are used in determining this ratio. In the case of 
a four-spigot defier, the rati<w may be 2.5 for the coarsest spigot up to 4.0 for 
the finest spigot. If the ratio between the area of the quicksand c^umn and 
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the area of sorting column is too large> we have full t«eter but no discharge; if 
too small, we have fuU-dUcharge and free-settling conditions in the sorting 
column. 

Extent of Ci/ASSiFiCATioN.-^It is obviously impracticable to employ in 
a mill a classifier with a great number of spigots. On the other hand, the 
author does not advise using a classifier which yields less than six spigots when 
classifying material for treatment on the WUfley or other concentrating tables. 
The extraordinary results shown in Fig. 89 are due to the fact that the matc*riai 
has been separated into 45 separate groups of particles equal settling under 
hindered-settling conditions. If, now, we group these 45 spigots into six 
groups, we may get the equivalent of a six-spigot hindered-settling classifier. 
We shall group the spigots as follows: 

Spigots 1 to 11 inclusive ^ spigot 1 
Spigots 12 to 22 inclusive s spigot 2 
Spigots 23 to 32 inclusive » spigot 3 
Spigots 33 to 36 inclusive v spigot 4 
Spigots 37 to 41 inclusive ^ spigot 5 
Spigots 42 to 45 inclusive » spigot 6 

If we look at Fig. 89 in the light of this iDformation, we shall see that the val¬ 
ley, so characteristic of hindered settling, still remains. Spigot 1 U composed 
of nearly clean galena, but the remainder of the spigots, with 
the exception of the sixth, show the valley and are ideal 
products for table work. If we compare this with Fig. 86, 
which represents the work done by a 12-8pigot« free-settling 
classifier, we at once see that it Is impossible to make any 
grouping of the 12 spirts which will give 6 spigots showing the 
characteristics exhibited in Fig. 89. The fact that the first 
spigot is not a truly classified product, and that the last spigot 
is not altogether satisfactory, makes it desirable to use as many 
spigots as is practicable in order that the advantages of a 
properly classified feed may be realised as fully as possible. 

The Added Increuent. —It has already been shown that 
the first-spigot product of a classifier carries an extra amount 
of the heavy mineral. This consideration is most important 
in classifying by hydraulic classifier. It is best defin^ in 
this way: Ii we allow mixed sises and mixed gravities, for 
example, quarts and ^lena, to settle together in a tall tube 
filled with water and if we could arrest all the particles just 
before the first particle had reached the bottom, we should find 
a condition like Fig. 91, in which the particles of quarts and 
galena are paired off into equal settling pairs; the quarts is 
larger and the galena smaller in each pair. Now, if we draw a 
classifier Fig. 92) and then swing the tube (Fig. 91) around 
from vertical to borisontal and lay this under the classifier, we 
shall, in so doing, represent the work of the classifier. The first 
Muiina^pirticii spigot has large quarts and large and small galena; the second 
has large quarts and small galena, both smaller than the grains 
of the first; the third has the same as the second, except they are smaller; and 
so on through all the spigots. Now the first spigot differs from all the others 
in having, in addition to the truly classified grains, all the larger grains of 
galena a. This we call the added increment of the first spigot. The first 
spigot is suitable feed for a jig, the others for Wllfiey tables. 
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In certain ca^es the added increment may make the first spigot product rich 
enough to be classed as a finished concentrate, as, for example, in Lake Supenor 
native copper mills, in the Robinson coal-washing machine, and on some iron 
ores where a one-spigot classifier yields an iron concentrate in the spigot and 

I 
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Pio. 02.—Dlftcram of oiaht-tpicot elMsififtr. 

waste tailings in the overflow, the fine iron not being considered to be worth 
saving. 

APPARATUS FOR CLASSIFYING BY SETTLING IN WATER 

Classefiers. Definitiok and Classepication. —Classifiers are devices 
for subjecting comminuted ore to the action of water either In such a way that 
a division of the ore particles is made into two or more products according 
to relative settling powers, or in such a way that all the ore material is settled 
together for dewatering purposes. The following specific mill operations are 
commonly carried out in classifiers: (1) segregation of a series of grad^ 
products for feed to concentration machines; (2) separation of sands and 
slimes for separate treatment; (3) in closed-circuit fine grinding, separation of 
finished sizes from sizes requiring further grinding; (4) dewatering and thick¬ 
ening; (3) in gold milling, removing coarse gold from the grinding circuit; (6) 
commercial product preparation, as washing sand, sise grading of fine material, 
etc. 

Classifiers all have a carrying current of water, essentially horizontal, which 
carries forward all grains remaining in suspension. Hydraulic classifiers also 
have rising dear-water currents added from below. Still other types maintain 
suspension of fine material by mechanical stirring or mild agitation. According 
to the purp^ to be served, the design of the apparatus, and the mode of 
employing the above prmciples, these appliances may be classified as follows: 

A. Classi^ers using rising currents of clear water; hydraulic dassifiers: 

1. Free-settling classifiers. 

2. Hindered-settling classifiers. 

B. Classifiers not using rising currents of dear water: 

1. Horizontal pulp-current classifiers. 

2. Ascending pulp-current dassifiers. 

3. Continuous settling tanks, thickeners. 

4. Mechanical classifiers. 
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Ci^S8rFi£RS UstKO RISING Ctjrrents op Clear Water 

Principles op Action.—A hydraulic classifier for dividing and grading 
sands is generally provided primarily with a series of sorting columns or vertical 
opening, through each of which a current of clear water U rising and down 
through each of w*hich a product of sand is settling. By having these rising 
water currents graded from fast in the first sorting column to slow in the last, 
we obtain a series of spigot products ranging from heavy in the first to light in 
the last spigot. The very finest particles, usually spoken of as slime, overflow. 
To accomplish this work, each sorting column needs a feed sole for bringing in 
the feed (sand and water) and for accomplishing a certmn preliminary classifi¬ 
cation called “launder classifyingthat is, the heavier grains settle in the 
under part of the stream of pulp while the lighter particles are forced up. 
Next a pocket with ascending water current is needed for doing the roughing 
work of lifting out the bulk of the lighter material, a sorting column in which the 
cleaning out of the lighter part is finished, and a pressure box for furnishing 
rising water for the sorting column and dischai^c water for the spigot, This 
pressure box in most classifiers forms a sort of gateway for stopping and 
turning back the grains which are too light to pass down and out of the spigot. 
The work on the feed sole is done wholly by the feed water. The work (n the 
pocket is done by the feed water and rising water combined. The work in the 
sorting column Is done by the rising water alone. 

Not only docs the classifier separate the larger grains of the earlier spigot 
from the smaller grains of the later, but it establishes relations between two 
minerals of different specific gravity, depending on, and amenable to, the 
following principles: (1) Of tw*o grains of the same mineral, of like form, the 
larger settles the faster; (2) of two grains of like form and site but different 
specific grarity, that with the higher specific gra\'ity will settle the faster; (3) 
of two grains of like form but di^rent specific gravity, but which settle at the 
same rate, the one with the higher specific gravity is always smaller than the 
one with the lower specific gra\'ity. 

These relations are governed by the laws of free or hindered settling, 
depending on the type of classifier used. If the proportion of sand to w*ater in 
the sorting column is sufficiently small that indivddual grains settle freely 
under the action of granty, free settling is obtained. When for any reason 
the proportion of sand to w*ater becomes such that the grains arc constantly 
colliding with each other while being held in suspension somewhat like a mass 
of quicksand, we have hindered settling. Such a bed of quicksand in the 
sorting column is obtained in hindered-settling classifiers by constricting the 
bottom of the sorting column or, in the inverted type of pulsating hindered- 
settling classifier, by a sieve which forms the bottom of the sorting 
column. 

The rc.suIt produced by hindered settling U different from that produced by 
free settling in classifying pulps containing mixtures of mineral of widely 
differing specific gravity. While, for example, the ratio between the diameters 
of a quarts and a galena grain which are equal settling under free^tiling 
conditions has been found to be about 3.9 to 1, the ratio under hindered- 
settUng conditions is about 6.9 to 1. However, for pulps conttuning minerals 
of closer specific gravity, as, for example, a pulp of fluor spar (specific gravity 
3.15), calcite (specific gravity 2.72), and quarts (specific gravity 2.65), the 
free- and hindered<scttting ratios do not differ sufficiently to make an important 
theoretical difference in results between free and hindered settling. However, 
hindered'Settling classifiers are generally preferred for grading purposes, as 
they give much better and more uniform products and at the same time use 
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less water with less resultant dilution of the products. Moreover, they are 
better adapted for higb-capacity work. , i. « « 

Hydraulic classifiers take several forms: Launder-^ype cUisst^rs na^ a 
series of pockets in the bottom of a sloping trough or launder- The pockets 
mav be shallow or deep and the sorting columns beneath may be short or even 
may practically disappear. Tank-type cUueifiers have the pockets and sorting 
columns arranged along the bottom of a tank. The tank, pockeU, 
sorting columns must be carefully designed and computed, particularly if 
deep roughing pockets are used, to prevent accumulation of beds which would 
interfere with classification. TvLular clas9ijiers consist of single sorting 
columns of circular cross section with rising water currents. The whole feed 
pulp is introduced directly into the column by a central feed pii»i thus 
involving no preliminary launder classification such as takes place in both 
launder and tank classifiers. Some cone classifiers and the Richards annular 
classifier illustrate the principles of this class. 

In the following sections representative examples will serve to illustrate 
the various principles of design and operation of free- and hindered*settling 
classifiers of different types. 


rBEE-SETTLlNO CLASSiriERS 

The Richards-Coooix or Calumet Classifier. —This is the firet positive 
classifier known to the author. When the rising water is regulated, it instantly 
acts, holding fine sand and slime out of the spigot very satisfactorilv. This 
classifier belongs to the shallow-pocket type (see Figs. 93<t and 935), having a 



Pio. 9S(i.-^8id9 of oo« peek«t of Richards 

Coscia er Calumot dastifior. 
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spigot nipple 6, a plug c, a discharge pipe d, a shield /, and a baffle g. It wa& 
invented for the Calumet and Hecla Mining Company but has been used in a 
number of districts over the country. A feed of 60 tons per 24 hours with 
^inch maximum sise should in the five products (four spigots and overflow) 
give 20, 12, 8, 5, and 15 tons, respectively. 

The Evans CLASSinER was invented by W. J. Evans for the Atlantic mill 
at Lake Superior. It is a positive classifier. As shown in Figs. 94a, 945, and 
94c, it has hydraulic pipe with valves P, sorting column A , regulating disk E on 
sleeve C, with adjusting thumbscrew D, pressure box G, and nipple plug and 
spigot H. The velocity of risiog water is regulated by rmsing and lowering the 
disk E. A four-spigot classifier of this form furnished four spigot products to 
four jigs and overtow to Evans table. The author believes the classifier has 
rather a serious fault; the carrying current, coming toward the pocket under the 
disk E, opposes the rising current from (?, while in going away it is helping it. 
It follows that, to keep the slime out of the spigot on the coming side, the 
water must be increased so as to be too much on the going side, and therefore 
























147 


CLASSIFYING AND SETTLING IN WATER 

the classifier Is a large user of water. A siting test is ^ven of the products in 
Table 33* '^he capacity is about 70 tons in 24 hours. 


TABLE 33.— arSINQ TEST SHOWING WORK Of EVANS CLASBIFIER 


Th/outfh. 

1 

Ko. 1 Hyatnulio Clamifier 

Ifi Spicot. 

2d Spigot. 

3d Spifot. 

4t6 Spifot. 

OvarOow. 

P«T> 

0«Dt. 

Utivo 

P«r- 

«Mt. 

For* 

emit. 

CimDu* 

lativo 

P«t> 

ctat. 

Per- 

eaai. 

Cuau' 

Uiivfl 

Pw 

oeot. 

Per- 
etftt. 1 

Cumu* 
Utiv* 1 

MBi. j 

Per¬ 

cent. 

Cumu" 
Inti VC 
Per¬ 
cent. 


1 0.9 
0.4 
11.9 
86.8 
81.0 
17-1 
8.0 
6.7 
6.6 
0.8 
0.6 
0.08 

0.8 

1 

0.06 

1.9 

4.7 
16.4 

18.7 

21.8 
4.6 

11.8 

14.6 

8.4 

1.8 
0.08 

0.4 

m 

1 

1 





1. 

} 94 onma.... 

on 1 .69 SDia.... 
1.S9 Ml.49 mm.... 
1.49 oa 0.949 mm.... 
0 M9 on 0.09T mm.... 
0 497 on 0.496 mm.... 
0.499 on 0.671 mm.... 
0.671 onO.270 nm.... 
0.870 00 0.1A8 moa.... 
0 .J &8 oaO.nO mm.... 
0.119 OB O'073 mm.... 
0 078 00 0.009 mm.... 
9 009 oo 0.047 mm.... 
0.047 00 0.084 ma.... 
0.064 on 0.096 mm.... 
O.OSA 00 0.019 aim.... 
0.019 on 0.013 ma.... 
0.013 auD... 

1 

1 

0.04 

0.8 

8,1 

6.8 

14.8 
6.0 

18.0 

83.0 

10.9 
7-4 
0.6 

1.2 

0.04 

0.3 

2.4 

8.2 

98.0 

29.0 

47.0 

80.0 

90.0 

98.8 

98.8 

.( 


0,2 

0.3 

4.7 
4.9 1 

16.8 

2.8 
12.9 

9.4 

6.6 

8.6 

6.7 

26.4 

B 

1 

Total. 

99.69 

B 

90.83 

B 

99.8 

B 
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The Richards Deep^pocret Hydraolic CLASSinER^ designed by the 
author, consists of a rec tan pilar trough e (see Figs. 95a to 956), with pockets 
5 in the bottom and adjustable gates c, dipping into them, to check the heavier 
grains over each sorting column d in senes. The sorting columns consist of 
vertical iron pipes d, of a height sufficient for clean work—about three times 
their diameter. Screwed to these pipes are vortex fittings/, pving a whirling 
motion to the hydraulic water admitted at h, and pipe and ^ug spigots to 
diechar^ the products. These hydraulic appliances, shown in section in Figs. 
95d and 956, require fins w to arrest the whirling motion below the vortex /. 
Fins at the top of the pipes d are needed only when sorting fine grains as shown 
on the last two pockets of Figs. 95o and 956 at x. 

The sorting columns d are furnished with rotation to give helical paths to 
the ascending water currents, which abolish smy tendency toward downward 
currents at one side, carrying light grains into the spigot product or strong 
upward currents on the other side, lifting over grains which should be allowed 
to settle. If any difficulty is found from too light grains descending in the idle 
center of d, the difficulty is overcome by suspending a core in this space. 
Otherwise the core is not used. The diameter of the sorting column must be 
large enough to let the grains, destined for the spigot, pass down without having 
too large a percentage of sand over water in the column at any given time. 

In designing this classifier, the author makes the computations under what 
he considers to be ideal conditions. The millrnan, in using the classifier, will 
of his own volition approximate the computed conditions, since he will seek 
to grade the sands in the several spigot products by the eye, according to the 
sizes computed; and to get these he will use approximat^y the computed 
amounts of wat^. 

Assume that we have to treat 100 tons per 24 hours of grains from 2.5 to 0 
millimeters, that the classifier is to have four pockets, that the overflow is to 
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consist of 0.25- to O-mjilimeter gnius, and that the material has been crushed 
by rolls. Under these conditions Table 34 will pve approximately the 
dimensions, requirements, and delivery of such a classifier. 


Fio. eU.~Verti«iU Motion of Tortos. 


Fio. CroM Motion on CD. 



Flo. 96.—CumulftUvo curvM for roll^obed oad oUup-erusbod notorial. alM compromise curve. 

We find by a sipng test that 10 tons per 24 hours are in the 0.25- to 0-milli- 
me^ product, which we consider satisfactory for our overflow product 

From the sizing test and plotting, moreover, we may obtain a cumulative 
curve of the sand to be classified and can then lay off on the curve the spigot 
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products and overflow, getting the tons per 24 hours and the sises of grains for 
each spi^got. Of the three cumulative curves of Fig. 96 the convex is that 
obtained by rolls, the concave is that produced by stamps, and the straight line 
IS a compromise which the writer has used with good results when designine 
classifiers. The adaptability of a classifier is so great that, when the straight 
line IS used, the classifier so designed can be used for pulp either from stamps 
or from rolls. The only variation from the calculated result occurs when 
treating pulp from rolls, when the coarser spigots will have more pulp. 


TABLE 34. 


PABLB ILLUSTRATING COMPUTATION OF RICHARDS POCKET VORTEX 

CLASSIFIER 


PmS. 


1 


2SfMC««. 


10 . 

11 . 

12. 

13. 

14. 
16. 
16. 

IT. 

18. 

12 . 

20 . 

21 . 

22, 

23. 


Tom Mad, 24 houn. 

Saod . 

Kiloarama ousuta, Msd. 

Rialaa eurtaaU. EsalJiBawn, 

•Mvad . 

Riainc cumot*. nlUiibcUn, 

mihuCa. 

Liters aaad. teiauta. 

Water, Utera. aUauta. 

Total watar aad aaad Uten, 

Biauta. 

Area, Metioa Mrtloc eoluBa, 

aquara AlUiBaun. 

8ia» of pipa (theoratieal). 

Capr)Hor «umnt. ara aad 

water, lltera. miaute. 

Pooket. aquara milbmatera area 

** ** (aehea am. 

^ aide of aquara ia iaefaaa 
Tba haisbia aetioc oa epitata, 

faat. 

Vcloeity, mllllCDater, aaepod. 

due to beiabt. 

Veloei ty, ntHIj meter. Ptiaute. 

due to beigbt. 

Spigote, diameter inehea. 

A/eo, aquara mlJliBeCen of 

epigota. 

Litert water and aaad. Biaate,. 

Lilert water, miaute. 

GalloM " . 


100 
8.5-Oi 
63.1 


23.0 

262.40 

276.3 


30 

3.30>1. 

13. 

130 

S.340 

7, 

21 . 


76 

0 


83.00 


3,410 


300. 

84,000 

63. 

7. 


3.8 


3.637 
217.630 


I 


137 

37. 

80. 

6 . 


63S^ 

40 

4131 


86 

1.70-1.16 

U.3 

103 

0,100 
6.03 
17.»4 

33.03 

3,371 

i' 

302.60 

43.060 

76.30 

6.7 

2.4 

3,770 
320,740 


3 Spigot, 


I 

137 
23.70^ 
23.81 
6.023 


30 

1.16H>.626 

12.6 

67 

4,020 

4.73 

14.64 

10.13 

4,766 

J‘ 

_ 312,12 
77,040 
120.37 
10.07 

3.6 

3.033 

336,020 


7t 
16.760 
11.07 
3.168 


4 Spigot, 


t6 

0.626-0.26 

0.6 

30 

1,800 

3.60 

10.30 

14,40 

3,000 

4 

4 

_ 310,62 
177.400 
276.00 
16.6 

2.3 

4.034 

246.040 

I 

71 

17.303 

13,70 

3.043 


Overdew. 


10 

0.26-0 

6.3 


3.30 

316.03 

310.33 


33.730 


In computing the clsssifier, it will be seen that there are three variables to 
be considered, namely, the siscs of grains, the rising currents, and the tonnage. 
One can assume any one variable and calculate the two others. For determining 
♦ he number of tons in each spigot product, the geometrical progression is very 
attractive and is theoretically the best. It, however, does not satisfy the prac¬ 
tical demands of the mill man, because it gives him a deficit of fe^ on the fine 
tables and an excess on the coarse tables. On the other hand, if the same load 
was given on all tables, this w'ould virtually overload the tables treating finer 
products and underload the tables treating the coarser products. For these 
reasons the writer is inclined to the view that, since the arithmetical progression 
gives a series between the geometrical progression and tbe equ^-weight plan, 
it is the be.st plan to adopt. In regard to geometrical progression it may be said 
that, where the smallest term is more than half the average of sh the terms, 
the weights it gives are not extreme and would satisfy the millman. In such 
cases it should be used. 

If, then, we are making our computations on the 109-ton basis and the over¬ 
flow is 10 per cent of the material fed, we may figure the quantities in the 
various spigot products as follows: Starting with the overflow as 10 tons, we 
add 5 tons to the overflow to obtain the fourth spigot, and so on, addix^ 5 tons 
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to the fourth spigot to get the third, 5 tons to the third to get the second, and 5 
tons to the second to get the first. 

The computations involved in Table 34 will now be explained line by line. 

line (1): Tons per 24 hours are assumed. Line (2): 2.5- to O-millimeter feed 
and 0.25- to 0-millimeter overflow are assumed. To get the average sizes of 
grains in the other products, we have 10 + 15 — 25 tons; 100 to 25 ~ 2.5 
millimeters to 0.625 millimeter; 10 + 15 -h 20 * 45; 100 to 45 « 2-5 millimeters 
to 1.15 millimeters; 10 + 15 -f- 20 H- 25 = 70; 100 to 70 * 2.6 millimeters to 
1,75 millimeters. Line (3): Kilograms per minute are computed from tons 
per 2^ hours by multiplying by 0.631; thus, 30 tons times 0.631 s lg.93 
kilograms per minute. We discard the 3 as too small to save and have 18.9. 
Line (4): The currents in millimeters per second are taken direct from Table 
115- We consider the velocities of the quarts or gangue only; the heavy 
mineral takes care of itself. Line (5) is obtained by multiplying line (4) by 
60 to convert seconds into minutes. Line (6); Liters of sand are obtained by 
assuming the ore to be wholly quarts and then dividing the kilograms of line (3) 
by 2.64, the specific gravity of quartz. This gives the liters of sand. The 
error due to assumption is all upon the safe side. Line (7): Water liters per 
minute. We assume that the feed will have four times as much water as ore by 
weight, and that the rising water for any given sorting column will be 3 volumes 
of water to 1 volume of sand. We therefore multiply the liters sand per 
minute by 3 and get the liters of rising water per minute for each sorting 
column. Line (8): Total liters is obtain^ by adding line (6) to line (7). Lino 
(9): Area in square millimeters needed in the section of the sorting column is 
obtained by dividing line (8) by line (5) and multiplying by 1,000,000. Line 
ho): The exact diameter of the cylinder that will have the area given in lino 
(9) is found from Table 114. These sizes give the velocities and quantities for 
the treatment. Line (11) gives the commercial size of pipe corresponding to 
the cylinders of line (10), allowing a little increase in diameter for friction, 
Line (12) gives the carrying currents rising in the pockets. They are computed 
from lines (6), (7), (8). For the first we add 276.3 to 21.45 and subtract 7.15, 
giving 290.60; for the second we add 290.60 to 17.94 and subtract 5.98, giving 
302,56; and so on for the third, fourth, and overflow. These are liters rising. 
Line (13): To get the area of pockets in which line (12) liters are to rise at 
desired velocity, we multiply line (12) by 1,000,000 and divide by line (5), 
getting square millimeter area. Line (14): Transform square millimeters of line 
(13) to square inches of line (14) by dividing the former by 645. This gives 
square inches area of pockets. Line (15): Extract the square roots of line (14), 
and we have the length and width of the pockets. The numbers adopted, 74, 
8f, 11, and 16J, are given in simple fractions to aid the carpenter work. These 
pock^ets will give the desired rising currents. Line (16) gives approximate 
heights of columns of water that are acting to force water out of the spigots. 
These values are dependent upon the depth of water on the spigot orifice. 
Line (17) gives velocity in millimeters per second of a body falling freely in 
vacuum due to those heights. Line (18): Velocity in millimeters per minute 
obtained by multiplying line (17) by 60. Line (19) gives sizes of spigots 
aMumed. Lme (20) gives areas of section of spigot orifices, from Table 114. 
Line (21) gives liters of water and sand per minute from spigots obtained by 
multiplying line (20) by line (18), and dividing by 1,000,000. Line (22) gives 
vliSf® minute obUined by subtracting line (6) from line (21). Line 

water per minute from the spigots obtained by multiplvine line 
(22) by 0.26419. For the overflow, line (7) is multiplied 

These final yalu« for the gaUons from the spigots are undoubtedly too high, 
as no figures allow for fnotion. The right figure may be three-fourths or two- 
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thirds of the figures shown in line (22). The dimensions shown in Figs. 95a 
and 955 do not apply to the case in hand. 

This clarifier has the advantage that it can be built of any number ol 
pockets, which may W built blether or spaced at distances from one another 
to suit the mill design. The helical rising currents destroy local adverse 
currents. 

This classifier is extremely wrople and at the same time systematic. The 
column and the pocket have the same rising current. There can be, then, 



Pio. 97.—Richards annular vortex olaaaifier for eoarae sreiaa. 

no harmful accumulation of aand. When the spigot is pulled out, one can see 
through all the working parts, when it is necessary to remove any obstruction. 

The first two spigots can go to Jigs, the last two to Wilfiey tables, the over¬ 
flow to thickeners and flotation. 

The Richards akkvlar vortex classifier is now made in two forms 
(Figs. 97 and 98). The first is for larger grains, the second for smaller grains 
with a large quantity of water. 

The computation of this classifier (Fig. 97) is veiy simple, as there is only 
one pocket to be computed. In the first case suppose we t^ve 250 tons per 
hours of 8* to O^millimeter stufi, and we wish to divide on 2} millimeters, 
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making a spigot product from S to 2} millimeters and an overflow product from 
2 ^ to 0 millimeters. These figures refer to the quarts, and the computation 
will be as shown in Table 35. 

The 3-inch classifier, having an annular space between circles of 13- and Hi- 
inch diameter, figures out a little large for its sorting column and the pocket, 13 



'rui u 






Fro. S6.—Riebftrd* aQouiBr vort«z dMsi6»r for fine sraiai. 

and 7.3 inches, a little small for this, but it is probable that this classifier would 
scpara^ the Hancock feed, 8 to 2^ millimeters, from ordinary classifier feed, 
2 ^ to 0 nullimeten. The latter could be dewatered and sent to a classifier 
yielding four spigot products and overflow. The first and second products 
would go to Jigs, the third and fourth to Wilfley tables, and the overflow to 
thickener and flotation. 

The compuution of the annular vortex classifier (Fig. 98) is much the same 
as the other. The chief difference between the two is in the smaller sise of the 

TABLE 35. COMPUTATION OF RICHARDS ANNULAR VORTEX CLASSIFIER FORM 

OP no. 97 



Tooj. 24 kov«.. 

SMdtiMi. BilUa«Ur«. 

luletmu Mod, ttiauU. 

Cumata. ucoad. 

, '• •• mjnuW.. 

Watar miouU. 

Total wator aad aaod. Ut«T». 

^a. aMtioo of aorUac cduma. aqaan aiiUttaWa. 

d aortiof eoluba ia •teadaRl 13-1 

Araa of pockat, aquaro lailUmotar .. 

Ar«a of pockat of 1^7.aia<h daaaifiaa.... 


230 

S-0 

137.0 


M.S 

Mi.e 

e»i.4 


Splfot. 


178 

S-21 

lOS.t 

172 

10.320 
41.8 
123.0 
134.S 


Ovarflow. 


78 

2*-0 

40.8 

io'.sw'' 

18.6 

736.2 

773,8 
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ore, the smaller size of grain on which the division is made, and the larger 
quantity of water. ® 

Hydraulic Gold Traps. —Accompanying the widespread adoption of 
ball-naill-clasaifier circuits for grinding gold ores, the problem of recovery of 
coarse gold from circulation in the grinding circuit has become of importance. 
One of the simplest and most successful means of doing this has been to insert 
hydraulic gold traps in the grinding circuit, fed by the grinding-mill discharge 
and discharging into the closed-circujting classiBer. These traps are essentially 

deep-pocket classifiers with valve spigots 
through which accumulated coarse gold is 
withdrawn periodically. A simple single¬ 
spigot trap is shown in Pig. 99. The appli¬ 
cation of hj^draulic traps in gold milling is 
illustrated m Chapter JCVI by the Monte¬ 
zuma Apex mill. 

RlNDeneD-BBTrLTNO CLASSIFIERS 

Any free-settling classifier which has a 
clearly defined sorting column, may be con¬ 
verted into a hindered-settling classifier by 
merely inserting a constriction of some form 
in the bottom of the sorting column and vice 
versa. Four forms of hindered-settling clas¬ 
sifiers will now be described as examples, and 
it happens that all four are of the tank 
type. 

Richards Hindered-settling Classi¬ 
fier (Fip. 100a, 1006, 100c, and lOOd). 
This consists of a pocket above, in which the 
rough work of classification is done and which 
is common to all the spigots, and several 
conical chambers below, where the finishing 
work is done. E^h cone has a discharge 
spigot below and is surrounded by a pressure box, from which the hydraulic 
water is led into the cone through inflowing jets. Each cone serves as a com¬ 
bined hindered-settling chamber and a constriction, and the inflowing jets 
extend all the way from the top to the bottom of the cone. Three variations of 
these jets, however, should be mentioned. There are jets in layers, alternately 
radial jets, and vortex or tangential jets (see Fig, lOOd), the tangential jets 
breaking up a possible sand bank in the form of a shell around the margin and 
the radial jets breaking up a po^ible core bank of sand in the center. I^rther, 
the upper holes are smaller in size, and there are only four to tbe circle or layer, 
whereas the lower holes are larger in rize, and there are six of them to the circle 
or layer. The conical form combined with the arrangement of jets just referred 
to gives maximum rising current two-thirds of the height down and gives a 
steadily diminishing velocity of rising current as the water rises in the cone. 
This arrangement lowers the neutr^ plane which lies between the rising 
current, which does tbe sorting and lifts out the light stuff, and the descending 
current, which carries down the heavy grains to be discharge at the spigot. 

CoNSTRicTiON-PLATE CLASSIFIER.—Perforated plate has been found an 
excellent means of constriction for producing hindered settling, giving a 
uniform distribution of rising water throughout Ae section of a sorting column. 
Figure 101 shows a longitudinal section of a simple constriction-plate classifier. 
Feed is introduced into the launder or tank section A and flows over the sort- 
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Ing columns B, which &re separated from the pressure chambers below by 
constriction plates P. Coarse material discharges continuously from the 
bottom of the quicksand mass in the sorting column, through a discharge 



7M. l00fr.~E&d Tiew. Fto. lOOo.—LoDfiUidi&iU tectioa of bmderod* 

MtUiaf olMOiftor. 



Fi9. lOOd.—8«otlofi of ooao. Fio. lOOo.—PUa. 


E lpe or spigot 5 which passes through the pressure chamber and out the 
ottom. The sorting columns and pressure chambers are square in cross 
section. Hydraulic water is introduced into the pressure chambers from a 
common header through separate valve connections, suitable for close regula* 



P*o. lOl.—Simple coaeUicUon-plAU luDdered>eettliag dawifiar. 


tion of water How into each chamber. Fines overflow a weir at the discharge 

machine. Capacity of constriction-plate classifiers 
vanes from about 0.1 to 0.5 ton per 24 hours per square inch of total pocket area. 
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The Fahrenwald Classifier (Fig. 102) is s further development of the 
constriction-plate classifier, improved by an automatic-discharge regulation 
device. Flow of sands through the spigot pipe is regulated by a plug 
(2), suspended on a horisontal circular rubber diaphragm (9). The diaphragm 
fits on the top of a small dish-shaped chamber, supported at adjustable 
height above the tank. A vertical pipe (8) connects this chamber with the 



S uicksaod mass at a predetermined level in the sorting column B. Thus the 
ensity of the quicksand mass above this level in the sorting column determines 
the pressure on the rubber diaphragm; and accordingly the raising or lowering 
of the plug to open or to close the discharge spigot follows the increase or 
decrease, respectively, in the density of the teetering or quicksand mass in the 
sorting column. This mechanism can be adjusted to mmntiun automatically 



Fio. lOS^.—^rew Flo. tOSd.-^Ricbarda direct pulsator claMiGer. 

4«eUon. LongitudiDAl Mction. 

a teeter column at a constant density. This feature insures uniformity of 
operation and uniformity of products without continuous adjustment and 
watching by the operator after the machine has been originally adjusted. 

Richards Direct Pclbatob Classifier (Figs. 103o and 1036.), —This con¬ 
sists of a 60-degree V tank a, with a bottom sloping If inches to the foot, more 
or less; a feed hopper 6; a baffle c\ an overflow j; pulsator pockets d; pebble bed 
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or perforated-boajd bed ^ inches deep or more; two underbaffle screens n; 
spigots A; hydrant p, with a constant bead of about 30 feet; shutoff valve i?; air 
cnamber/; drain cock q\ revolving pulsator cock e, which revolves about 150 
times per minute; a manifold 1; distributing cocks k. 

The classifier may have a separate pulsator cock for each pocket, but, while 
this improves the action, it complicates the power to drive. The one pulsator 
cock requires the manifold I and the distributing cock il; to control the rising 
current «n the pockets. This classifier provides for making an even rising 
current, and, in consequence, it has a great capacity, even in classif 3 dng fine 
products. The evenness is due to the pulsating current, which evens the rising 
current by friction; to the pebble or |»rforated-plank bed, which acts by 
friction; and to the two baffle screens, wUch likewise act by friction to even up 
the rising current. In consequence, the rising current at all parts of the pocket 
has practically the same velocity, an essential to good classification. The slop¬ 
ing bottom causes the sand to move forward steadily from the feed end, without 
a strong carrying current of water. The safety spigot i prevents the possi¬ 
bility of a sand bank forming and drowning the pockets with an overload of 
sand. The tank form of classifier lifts the slime out at the first pocket; it 
floats above m the carrying current without mixing again with the sands 
below. 

This classifier is also made in the inverted form. In which the fine slimc.s are 
removed in the first pocket. This arrangement, somewhat like the jig shown 
in Fig. 118, gives a minimum dilution of the slime and a low water consumption 
Details are given in Table 36. 


TABLE 36.—aiSES. CAPACITIEg. ETC., RICHARDS PULSATOR CLASSIFIER 




Dirvet. 

iBvtrUd. 

lDTtri«d. 

lavtKed. 


Sic*. 

iMfa**. 


Number 

ci 


ApproUttBC* 
CftpMity in 
Tan* p«r 24 
Uowra.* 


40 

40 

100 

I7S 


ApproklDiau Only, 


LcQftl). 

lacbo*. 


ntifU. 

1b*£«b. 


Width. 

locb**. 


PuUey 

Ftca. 

Ipcba*. 


Dlam«tec 

Pulley. 

Ia«bM. 


61 

97 

62 

70J 


20 

21 

26 

22 


21 
10 
21 
221 


4 


" • coaeiiltucy of 2 p.,u w.i*r Ip I ol pf* by vplua.. Or* cru.hed to pm« 2 mm. - 

O^RATINQ DATA.--Table 37 gives sising tests of the spigots and overflow 
constnction-plate classifier in a Missouri lead^mill. The sorting 
square and 12 inches deep with continuous flowing 

h^fs^'ua^ h«i°“ ? punched at the comers of 2? 

men squares, Hnch holes for the first four sorting columns, A-inch for the 
next four, and j-inch for the last two. Pulp density of the f^d is 38 5 oer 
cent TOhds by weight, and the total hydraulic water used is 275 eallons ner 
minute, equivalent to 3.8 tons of hydraulic water per t^n Vdiy or! fed 

Classifiers Not Usino Riscno Currents op Clear Water 
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of sand from slime, dewatering granular products, thickening pulp, sand wssh* 
mg, and for separation of finished product in closed-circuit grindine with 
revolving mills. 

TABLE 37.—aiSINQ TESTS AND TONNAGES OF FEED AND PRODUCTS OF 

CONSTRICTION-PLATE CLASSIFIER 


W«iBht Per C«BV 


Me«b. (T^ltf). 

FMd. 

SplcM 

1. 

SpifM 

2. 

Sp^fM 

6plC4t 

4^ 

SpicM 

6. 

BB 


Bpi8At4 
9 and 
(0. 

Ov«r- 

flo*. 

Oa 8 

OtK 10 

On 14 

On 20 

Oa 28 

On 38 

On 48 

Oa 86 

On JOO 

On 160 

On 200 

Tb/ou|k SOO 

TaUI 

0.3 

3.7 
8.0 

8.8 
11.1 

13.2 

14.3 
20 3 

7,4 

3.1 

2.3 

7.8 

1.8 
17.6 
28.0 
17.8 
18.0 
0.8 
4.4 
3.2 
0.8 , 
0.4 
O.l 1 
0.2 
100 0 

0.4 

8.8 

19.7 
18.4 

18.8 
18.1 

8.8 

7.0 

1.8 

0.8 

0.4 

0.4 

0.1 

2.7 

9.3 
11.0 
20.8 
22.0 
18.2 
12.8 

3.1 

1.4 
0.8 
0.7 

0.3 

2.3 
4.8 

13.1 

82.3 

84.6 

22.8 

6.0 

2,6 

0.8 

1.3 

0.1 

1.6 

4.1 

11.6 

18.8 

19.8 

81.1 

8.7 

3.0 

0.3 

2.0 

B 

o.a 

2.8 

7.4 

18.0 

46.0 

14,8 

8.0 

1.2 

2.7 

1 

! 0.2 ' 

2.8 
8.8 
18.( 1 
88.0 
31.4 
12.3 
1.1 
2.1 
lOO.O* 

1.8 
14.3 
17.1 
47 A 

"lOO.O 

too 0 
■©.ooT 

78.4 


100 . o' 



“i3b.O 

t:w 

82.8 



0.308’ 

418.4* 

*0 838 

1 82.1 

1_ 

0.481 

41.4 


0.188 

48.4 



* Thu (MtnecB do«e am ladude the riine in eh» overfio*. 


Horizontal Pulp-current Classifiers. —This consists in general of 

a box or spitzkasten, or a series of the same, of sufficient area of cross section 



Flo. 104«.—nstt of Rittjas«r*i fptUkMt«& opparstu*. 



Fio. t04h.—Lonaitudinal soctioo. 


that san^ will settle out of a horizontal current of pulp passing over or through 
the settling boxes. These may be of the surface'-current iyptt in which the pulp 
current passes over the surface of a tank of still water; or of the whoU-curreni 
type, in which the feed pulp is distributed uniformly over the whole vertical 
section of the box. 

Horizontal current classifiers may serve for grading the dilute fine slime 
overflow of hydraulic classifiers which contains only 1 to 3 per cent solids. The 
capacity of a horizontal current classifier is therefore measured by the quantity 
of water rather than by the quantity of dry slime fed to it. The Rittinger 
spitzkasten apparatus (Fig. 104) is representative of the suiface-cuirent type. 
This is a series of pointed boxes in which the width of each is twice that of 
the preceding box and the lengths increase in arithmetic^ progression. The 
arrangement shown grades the feed roughly into four spigot products and an 
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nverflow. Typical whole-current classifiers are the V boxes, which are 8i®ply 
tanks of V-shaped cross section, 10 to M feet long and 4 to 8 feet deep, woes 
should slope at least 50 degrees. The cross section may be uniform from end 
to end, or it may increase toward the overflow end to slow down the velocity 
of the current and favor grading. Continuous flowing spigolj are located 
in the bottom at various points siong the length. clMifiers are occa* 

gionally useful in building up the banks of sand tailings piles. Honaontal 



F 


Fm. 106 .— A1]«q aulomaUe claMtSer. 


current classifiers are very simply made and operated, but they can do only 
very rough grading and therefore have very limited application in mills. 

Ascending Pulp-current Classifiers. —These are usually of the 
60-degree cone type and are useful for dewatering pulp or for separating 
s^d from slime. The upward flowing pulp current gives a classifying action 
similar to a free-settling hydraulic classifier, and the velocity of the rising pulp 
current is computed on the basis that its cross section is the horisontal annular 
area between the central feed pipe and the periphery ovei^ow. 

The AUen auUmalic cone eUteoifier is shown in Fig. 105. The action of the 
classifier is as follows; The mill stream enters the feed spout at A and passes 
through the truncated cone B. The pulp of water and sm^ particles flows 
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upward and over the lip into the peripheral overflow launder. The larger 
and heavier particles settle into the large cone, accumulating until they reach 
the outlet at B, when they obstruct the flow of the mill-stream water from B 
into the large cone, thereby causing the water to rise in and with it the float 
C which, through the lever D, the link E, and the valve arm F, removes the ball 
G from the spigot. Then the settled solids in the cone flow out through G in a 
quantity proportionate to the area available for their passage, the area varying 
in proportion to the quantity of solid particles settling in the cone and obstruct¬ 
ing the mil l-streftm flow from B. The solids in the large cone cannot settle at 
a point lower than the one necessary to permit a free flow of the mill-stream 
water from B into the cone, and the normal shape of the basin, formed by the 
surface of the particles, is continuously maintained, insuring uniform classifica¬ 
tion. When solid particles cease settling in the cone, the discharge through 
the spigot stops as soon as the obstructing particles are removed from the out¬ 
let B, the water in the cone lowering, and with it the float C, thereby closing 
the valve at the spigot. The classification takes place in the basin formed 
by the surface of the settled solid particles in the large cone, the shape of the 
basin being automatically maintmned under all conditions of feed within 
the capacity of the cone. 

The Callow coru, formerly used extensively in the United States, and the 
Caldecott cone, used in South Africa, are examples of plain 60-degree cones. 

6 or 8 feet in diameter, without the automatic feature. They serve for slime 
settling or pulp thickening and for separating sand from slime. The Callow 
cone has a gooseneck or inverted siphon spigot which consists simply of a 
flexible hose attached to the bottom apex of the cone. It diM^harges the 
thickened slime at a point 12 to 16 inches or more below the water level in the 
cone itself. The Caldecott cone has a circular diaphragm near the bottom, 
like that in the Allen cone (Fig. 105), to insure uniform descent of sand and 
prevent downward rushes which might clog the spigot and also io prevent the 
water from boring a central bole down through the sand. 

In comparing simple cones with automatic cones, the latter have the 
following advantages: (1) they are strictly automatic, (2) the spigot product 
bears the same relative proportion of water to solids under all conditions of 
feed, (3) the degree of dilution is under perfect control. 

Continuous Settling Tanks. Thickeners. —These are simply la^e 
settling tanks, ustjally circular in shape, designed to allow settling of solids in 
practically still water and to operate with continuous overflow of clear water 
and continuous underflow of thick pulp. Thickeners are built with dimensions 
such that they may be used for dewatering very fine pulps, such as flotation 
concentrates, mill tailings, etc., and still overflow clear water. Settling may 
be aided in some cases by the addition of coagulating or flocculating chemicals 
in small amounts, which causes fine particles to adhere together in coarse 
fast-settling floes. ,, . , ^ . 

The Dorr thickener Is the best known and most widely used apparatus of 
this class A schematic drawing of the simplest form of thickener, the central- 
drive type, is given in Fig-106. Feed enters at the center of the tank through a 
small cylindrical feed well which dips below the water surface. The sohd 
particles settle to the bottom of the tank and are raked slowly toward the 
central cone and discharge outlet A. The rotating raking mechanism, which 
actually gives a plowing action, conrisU of worm and gear E, driving the central 
shaft C carrying the four radial arms D on which are the vertical raking bUdes 
set at an ande to the arms to plow the settled solids toward the center. Clear 
water overflows into a peripheral launder B. A diaphragm pump is usuaUy 
connected by a pipe to A to lift the thickened pulp nearly to the level of the 
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top Of the tank. The central-dri^e thidsener is the usual ty^ JSJ 

dewatering concentrates and for low- and “e^um-ca^ity work It is buUt 
tanks from 15 to 100 feet in diameter and al»ut 10 feet m 
of the rakes varies somewhat, averaging from 10 to 20 penpherai feet pe 
^nuW at the ouTer end of the raUng arms. The motor power used w.ll 



Fio. 109.—Dorr thickvo^r. 



vary from ^ horsepower in small machines up to 5 horsepower for machines 
100 feet in diameter. These machines are now constructed without the 
superstructure shown in Fig. 106, the new t 3 ^pes being designated as the type A 
and the Centrepier, respectively. 

For settling large tonnages with tanks over 50 feet in diameter, the trac¬ 
tion thickener is recommended. This machine is shown in Fig. 107. The 
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thickening is carried out in the same way, but the raking mechanism is sup¬ 
ported at its outer end and driven by means of motor and traction wheels 
which roll on a track around the circumference of the tank, Traction thick¬ 
eners up to 450 feet in diameter are in use at the present time. Peripheral 
speed of rakes varies from 15 to 25 feet per minute; power of drive motor 
required varies up to about 10 horsepower for the larger sises. 

Another modification is the tray type. This has been developed from the 
older type to meet the definite demand for a large settling area in limited floor 
space. The tanks are divided horizontally into two or more settling compart¬ 
ments by means of steel trays or diaphragms carried by the sides of the tanks. 
In the open-tray type the sludge from ea^ tray passes to the bottom compart¬ 
ment through lai^e central openings in the tra)rs. In the connected-tray 
type an upright cylinder is attach^ to the central opening of each tray, 
preventing the sludge from pasring to the compartment below. Separate 
discharge connections are provided for the sludge of each compartment. 

The Dorr thickeners are efficient settlers and are widely used in ore-dressing 
and metallurgical plants. They are used in ore-dressing plants for thickening 
<:lime preparatory to subsequent treatment, for dewatering concentrates, 
and for recovery of water from tailings; in cyanide plants for continuous 
countercurrent decantation, and for pulp thickening to recover cyanide solu¬ 
tion. The size of tank reouired for a given tonnage depends to some extent 
on the nature of the pulp to be settled and should be determined experimentally; 
a rough estimate of 10 to 15 square feet of settling area per ton of material 
per 24 hours is conservative for most purposes. In thickening flotation con¬ 
centrates. two thickeners are sometimes operated in series, the overflow of the 
first forming the fe^ of the second and the underflows being combined. 

When thickeners are used for dewatering final products or for recovery of 
valuable liquors, they arc ordinarily followed by continuous vacuum filters 
which reduce the moisture content further and discharge a filter cake with ID 
to 15 per coot water or less. Filters are discussed in detail in Chapter XV 
under Acces.«iory Apparatus. 

The Derr Hydro$fparaU>r is similar to the thickener in principle but is used 
primarily for fine-size separations in dilute pulp, at sizes 325 mesh or below 
which cannot be separated satisfactorily in other types of classifiers. It is 
simply a relatively shallow, continuous settling tank of the thickener type 
w'ith just sufficient settling area to recover particles coarser than the mesh of 


TABLE 3S.— DATA ON THICKENERS 


Plent. 

Tone Dry i 
Solide per 
24 Koun. 

Dikcnetcr of 
Ttuekeeer. 
Feet. 

A 

1.600 
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A 

100 

60 <tiro m 
•eriee) 

B 
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80 
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226 

t> 

20 

22 

g 
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oofioe 

F 
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76 

0 

66 

(0 

_t 


Squftre Arc* 
per Oiy Too Feed 
Dcr i4 Hoon> 




Ckorceicr d Feed. 


Feed to leod Sototion. 66 per 
cent thfooeb tW mcab 
Lead Solstioo eeoeentrotc. 06 
por eeot tbroufb 200 ne«b 
copper Aototion rooecotrote. 
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Copper SeUtioA teiliop. 60 
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Copper dMotieo eoBeopirpto. 
74 per oeei tbroush 200 nesb 
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16 to 16 


16 to 22 
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separation but with insufficient settling area to recover the 

th^ critical size. The size of particle which will settle is 

b^is that its settling velocity must be greater than the 

vXme of peripheral overflow water would be if the overflow water wew 

rising vertiSly in a vertical column having an area of cross section equal to 

the horizontal surface area of the Hydroseparator. ^ 

Operating Data.— DaU from various thickening operations ^ sum¬ 
marized in Table 38. Operating cost of an 80-foot thickener in a 
“ppcr mill treating 2800 tons per day is 0.885 cent per to" “’’“sri.nna 
Actually the thickener receives 250 tons of solids per 24 hours. In an Anzona 
copper mill rated at 18,000 tons per day, the thickeners for concentrate use 
59 53 square feet per ton of dry feed per 24 hours and receive a feed with water 
to solid ratio of 7.2 to 1 by weight. The operating cost is 3.74 cents per ton of 
concentrate. In the same mill the thickeners for slime have 6.51 square feet 
per ton, receive a feed with 4.1 parts of solid to 1 part water, and show an 
operating cost of 0.14 cent per ton of dry slime. 

Mechanical CLASSiriERS 


Mechanical classifiers find their most widespread ime as clc^d-circuiting 
devices for size limitation in grinding circuits and as intermediate machines 
separating sand and slima for separata treatment. In the former capacity 
they have been a most important factor in the improvement in gnnding practice 
of the last few years. Modern grinding circuits re<^uire classifiers of rugged and 
simple construction, capable of bandUng a relaUvely high tonnage of sand 
product or circulating load without undue wear or operating difficulties. 1 he 
sand product should be dewatered and conUin as little slimes as possible, 
while the overflow product should be free from coarae material. 

The action of a mechanical classifier is as follows: Feed is introduced into a 
settling tank with an inclined bottom. Fines overflow a w'cir at the lower end 
of the tank, and sands which settle to the bottom are conveyed up the inclined 
bottom and out of the tank by a raking, dragging, or helical conveying mecha¬ 
nism. This mechanism also serves to induce a certain amount of agitation in 
parts of the tank, necessary for clean products and for maintaining suspension 
of fine material. The Dorr classifiers, the Esperanza drag classifier, the Akins 
classifier, and the Hardinge countercurrent classifier are representative of 
four different types which and use in mills. 

Dorr CLASsmcRS.—The Dorr classifiers have come into almost universal 
use with ball mills, tube mills, and rod mills for closed-circuit grinding. The 
oldest type, the standard rake classifier, w'as originally designed for separation 
of sand and slime in cyanide plants but has found most extensive use in grinding 
circuits. A later modification, the bowl classifier, has been found better 
adapted for fine separations, and accordingly has been adopted by many mills 
for classification in the intermediate and fine-grinding stages. 

The Dorr rake clarifier (Fig. 108) consists of a rectangular settling tank 
with a sloping bottom. Feed enters the classifier in the distributing box D. 
The coarse particles settle to the bottom of the tank, while the fine particles 
and water overflow at C. Rakes are mounted on the frames A as shown. By 
means of bell-crank mechanism B these rakes are given a motion so that they 
dip down into the settled material and move it up the incline a few inches. 
The rakes are then drawn out of the settled material, returned to the starting 
point, and depressed to repeat the cycle. The settled material is thus moved 
slowly up the incline to be discbai^^ B. In the course of its climb up the 
incline it is repeatedly turned over and thoroughly drained, so that, when 
finally discharged at E, it Is well freed of slime. In the duplex type, shown 
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in the figure, one rake moves material up while the other is returning to the 
starting position. Simplex and quadruplex machines are also furnisiied, with 
one and four raking assemblies, respectively. Simplex machines are furnished 
in $• and 4'foot widths, the duplex and quadruplex in widths twice and four 
times, respwtively, the widths given for the simplex. The raking mechanism 
shown in Fig. 108 is of an older type and has now been replaced by the F and 
FX mechanisms of improved design and heavier construction, A recent 
improved form, designated as the Multisone classiSer, has the lower or over¬ 
flow half decked over and surmounted by one or more circular overflow 
columns up through which the overflow product rises and discharges. 



FiQ, 106.'—Dorr duplox oluoifier. 


Rake classiflers will give best results in closed-circuit grinding to a maximum 
size of from 20 to 100 mesh. Tabic 30 gives data on their adjustment and 
operation for various separations. Regulation of classifiers and actual 
performance data will be di.scussed in more detail at a later point. Tabic 
40 gives results of screen tests on feed and products of a Dorr rake classifier in 
a continuous operation. 


TABLE 30.—DORR RAKE CLASSIFIER* 
K«r ^ 2,S (o 2,7 


Mc«h Qf 
8«pArA(ioA. 

' RAk« Strokn jwr 
Alinu(«. 

61^ of SottMi 
of Took. lorboa 
per I'ooi. 

Pulp DoAMtV of ' 
OvfrAov. F«r ' 

C*A( SoImIo by 
Woifbt. 1 

Approximtlfi Copocily. Dry Tons 
por 24 Hours per Foot of width. 

SAfids RAked. 

Overflow. 

lb 

SO to Si 

31 (o4| 

50 

250 

150 to 200 

20 

27 (0 32 

sl to 4 

40 

2» 

75 to 100 

26 

2S tP 30 

2 | to 31 

33 

250 

75 to 00 

35 1 

25 to 30 

3 ioSj 

30 

250 

05 to $0 

49 i 

25 to 30 

3 to 31 

25 

250 

05 to 80 

65 

20 to 25 

2! (o3 

22 


50 to 60 

100 1 

16 to 30 

21 (o2) 

14 to 20 

135 

3510 50 

150 1 

12 to 16 

2 to 21 

10 to 14 

100 

25 to as 

200 

12 

2 io2\ 

6 to 10 

100 

13 to 20 


* ScTMo 1 a ihi« And lAblM Are Tyler itAadArd tivVAA. 
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TAUl.F. 40.—S121NO TESTS ON DORR RAKE CLASSIPIER 

PEED AND 

PRODUCTS 



FMd. Weiebt C«at. ' 

6«Ad*. P«r Cm(. 

OvmSow. Waijbl Par Cant. 

Meah. 


CsiBui»tive. 

DlrMt. 

CuBiuUcive. . 

Direet. 

Cumulntlva. 

Tota 

Is 

h 10 
h U 

h v> 

I- 20 
h ^ 

48 

68 

100 

J80 

200 

200 

Ji. 

o.r 

0.0 

1.4 

2,2 

8,6 

6.9 

0.6 

12.7 

18.6 

13.4 

0.7 

6.6 

3.8 

16.7 
lU.d 

0-T 

1.6 

8.0 

6.2 

0,0 

14.8 

23.6 

36.6 

60.1 

68.6 

73.9 

80.1 

33.9 
100.0 

1.0 

1.2 

1.0 

8.2 

4.3 

7.0 1 

117 

15.6 

19.4 

15.0 

9.0 

6.9 

8.8 

9.0 

100.0 

WM 

n 

0.1 

1.7 

6.7 

13.7 

26.3 

86.1 

43.4 
100.0 


The Dorr howl cUnsifier coasUts of & rake classifier at the lower end of which 
is mounted a steel ^wl contuning a rotating raking mechanism similar to that 
of a thickener, as illustrated in Fig. 109. The bowl is shallow with a slightly 



Fio. lOe.— Th* Dorr turrot-bowl clftMifior. 


conical bottom sloping toward the center. Feed is introduced at the center 
of the bowl through a cylindrical well which dips a little below the pulp level. 
In this machine classification takes place in two stages. In the bow*l com¬ 
partment fines overflow into a peripheral launder and sands settle, to be raked 
into the center and fall through an opening into the rake compartment against 
a rising washing current of water. In the rake compartment further classifica¬ 
tion of the s&aSs and their washing, dewatering, and removal is accomplished. 
Wash water, added in the main classifier tank, flows inward underneath the 
bowl and rises up through the central opening, countercurrent to the sand. 
Sometimes this is supplemented by a water spray to wash the sands on 
the incline in the raking compartment. The pool in the raking compartment, 
which is quadruplex in Fig. 109, does not overflow except through the bowl. 
Recently a critical size control been added to recycle accumulated material 
of an intermediate size back into the bowl compartment from the raking com¬ 
partment. This is done by means of an air mt controlled by a float in the 
tank of the raking compartment. 
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The bowl classifier is used when a rather fine overflow product is desired, 
for example, for separations at from 66 mesh to as fine as 325 mesh. The 
bowl provides a greater length of overflow lip and considerably higher overflow 
capacity than the standard rake classifier of the same tank width and raking 
capacity. More uniform results are obtMned with the bowl classifier, owing 
to the two-stage classification and to the greater flexibility of adjust menti 
and finer separations can be made at higher pulp densities and with loss dilu¬ 
tion of final overflow product by water. These characteristics have ost ablished 
the bowl classifier as a standard machine for slsing in the final stage of fine 
grinding and for separation of sand and slime. Bow'l siscs range from 3 to 
23 feet in diameter. Data on the adjustment and performance of several 
sizes of bowl classifiers are given in Table 41. Table 42 shows siring tests 
of feed and products of a bowl clasrifier used for separation of primary slime 
from the fe^ to a secondary grinding circuit. Ck»mpare the products of 
this classifier with those given in Table 40 from a rake classifier. 


T\BLE 41,—DORR BOWL CLA&SinER 

tot on ot tpctiftc mvicr Z.S to 2.7 


Mub of 

iwr 
o( B««rl 
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4S 
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90 

S 
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12 

es 

4.1 

IS 

10 

300 

JO 
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3.0 

IS 

12 

900 

s 

250 

2.9 

17 

14 

300 

7 
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1.4 

IS 

IS 
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TABLE 42.—SIZING TESTS OK DORR BOWL CLASSIFIER FEED AND PRODOCTB 



1 

Feed. Weight Per Coat 

SenSi. Weight Per CewL 

^ Oversow. Wngbt Per Cent. 

Meob. 

Direct. j 

CHBulalive. 

DitMC. 

CuauUlive. 

Direct. 

CuiBuUtive. 

10 


4.05 

0.76 

0.76 





11.S2 

10.43 

17.24 



4- 20 


20.20 

12.SS 

20.69 



i 2S 

11.S3 

32.11 

16.70 

46.32 



•f as 

O.OS 

41.16 

12.11 

50.19 



+ 4S 

S.52 

40.«S 

11.37 

71.00 

0.73 

0.78 

4* 65 


54.06 

S.60 

79.50 

1.25 

1.96 

•I-IOO 

10.12 

OS.OS 

12.50 

92.00 

4.57 

6.33 

•flSO 

4.77 

S0.S5 

4.00 

96.00 

4.50 

10.68 

4*200 

2.57 

72.42 

I.3S 

97.9S 

3.17 

14.00 

-200 

27.5S 

100.00 

2.62 ' 

100,00 

86.00 

100.00 

Tolele. 

100.00 


100.00 


100.00 



Federal Esperakza Classifier. —This is a classifier of the drag type 
and is shown in ^gs. 110a and 1106. It consists of a tank B with sloping 
sides and an incUn^ end. On the frame of the tank is mounted a sprocket 
and chain. To the chain are attached rakes about 16 inches long and 4 inches 
wide, spaced about 12 inches apart. The sprocket is driven by suitable pulleys 
to give a drag travel of alK^ut 18 feet per minute. The pulp enters the classifier 
through a feedbox A. In tank B a separation takes place. The coarse 
material settles to the bottom of the tank, while the fine material overflows 
into launders C. The rakes in their travel remove the settled material from 
the bottom of the tank, convey it up the inclined end, and discharge it into 
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the sand launder D. A modification of this clas^fier employs a belt and pulleys 

instead of the chain and sprocket. w a o 

The capacity of these machines under average conditions is abo^ 0.^ 
Dound of ore per square inch of drag blade, which means that a rake 4 by 16 
i^hes will drag a load of 12.8 pounds. The pulp for classification should not 
contain more than 5 parts of water to 1 part of ore. 

These machines have been used considerably for separation of coarse mate¬ 
rial for feed to gravity concentrators, such as jip and tables, from shrnes 
for flotation, and also for dewatering granular gravity concentration products. 




In fine-grinding circuits, the rake classifiers have been found more satisfactory 
in general. 

Op^raiing Data and CoeU .—An American company operating on a dissem¬ 
inated copper ore in Mexico rej^rts the following data and costs on drag classi¬ 
fiers. liie economic mineral is secondary chaTcocito in a gangue of dioritc 
porphyry. The concentrating plant has a capacity of 2800 tons per day. 


Maehin*. Dr*f*belt clM«i(l»r. 

. SS ft«t leo^. 18 hiih. 8 feet 

vi^e, wttb triple dres belte. 


Sereen enelyece: 


hlMh. 
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On 20 . 
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10.0 
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12.8 

19.0 

On 2C0. 

5.S 

12.0 

Threufb 200. 

20.6 

100.0 

60.4 

100,0 


CftpMity . S70 (eoepN 24 hours ducburBe of rod mill 

aod 1400 t«ia per 24 houre of eireuleting 
luod of Rerdinge mills. The cleMifier 
receivee diecherfe of one Col»*BerKZBOQ 
rod mill Mid ie in eloeed circuit with two 
aioo4 by 8S>ineb Btrdlnfe bell milb. 

Con of operotion: 


Leber.0.7S5 cool. 

Suppiiee.0.000 cost. 

rower. 0.207 cent. 

Total... 0.002 cent per too of crude ore. 


A company operating in Arisona on a low-grade copper ore reports the 
following data and costs. The ore consists of secondary chalcocite dissem¬ 
inated through a gangue of schist. The concentrating plant has a rated 
capadty of 18,000 tons per day. 
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Slop* <4 belt. 
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Or exflow, 
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The Akikb Clabbifier. —In this type of mechanical classifier (Fig. Ill) 
the sand is moved up the bottom of the semicylindricaJ tank by a continuous 



Flo. 111.—Akiop mbmerfod ■piral-t/p« elMiifior. 


spiral. In some installations Akins classifiers are preferred to rake classifiers 
because they may be operated at a steeper slope to elevate the sand return 
product higher, without difficulties due to backslipping of the sands in the 
bottom. Also they are easier to start under load than the rake classifiers, 
owing to the mechanical difference between the raking action and the spiral 
conveying action. Continuity of operation also insures against surging, 
another difficulty sometimes encountered with rake mecbanlsms. 

Hardinqe Coontercurreitt Classifier. —This machine (Fig. 112) 
is similar in principle to the Akins. It consists of a slowly rotating drum, 
on the inner surface of which is located a spiral flight attached to the drum 
and revolving with it. Feed pulp is added within the drum as shown, and 
wash water is introduced at the sand-discharge end. Fines overflow an 
opening in the feed end of the drum, and oversise is conveyed up to the sand- 
discharge end, where a bucket-wheel elevator serves to dewater and rmso the 
sands to a convenient height. This classifier is rugg^ and simple in con¬ 
struction and has ^ven go^ results in several installations. 

Operation of Classifiers. —In adjusting a classifier for a particular 
application, the size at which the separation is made and the quality of the 
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separation will be determined by several factors, among which the following 

Bottom.—For coarser separations, as in prirnary gnndmg 
circuitsTthe classifier slope is usually from 2i to 3J inches per foot; for finer 
fieoarations, the slope is adjusted to li to 2} inches per foot. If the slope 
ia too great on rake classifiers, the sand will slip back and accumulate m t^he 
tank eventually resulting in sticking and nonumform operation. Within 
the limits given, steeper slope, in general, favors cleaner sand produc^. 

Feed Rate .—The feed rate of a classifier is usually determined by its 
overflow capacity, as the sand-raking capacity in modem classifiers is usually 
ample to take care of reasonable ci.culaling sand loads. The overflow capac¬ 
ity depends upon the length of overflow lip; in the strmght mechanical classi¬ 
fiers it is determined by the width of the classifier tank; In bowl classifiers, by 
the circumference of the bowl. This is shown by the data in Tables 40 and 42. 
The overflow capacity for a given sise classifier is greater, the coarser the 
mesh of separation and the higher the specific gravity of the ore. 



Dilution .—This is a very important factor in control of the site of separation. 
The feed to a classifier from a grinding-mill dischar^ usually is 65 or more 
per cent solids by weight and is diluted by the addition of water on entering 
the classifier. It is important that dilution W’ater be added uniformly and 
that the pulp density in the cla.ssifier tank be kept constant. In practice it Is 
convenient to use a constant-level pressure tank for the ivater supjily and 
to check the pulp density fre<iuently, either by automatic means or by periodic 
sampling and weighing. The higher the pulp density is, the lower the settling 
rate of the ore particles and hence the coarser the mesh of separation; and 
vice versa. On fine separation bowl classifiers are capable of giving overflows 
of higher percentage solids than standard classifiers, which is a definite ad van¬ 
ish in most instances and may eliminate the necessity for thickening before 
subsequent treatment. 

Speed .—The speed of the rakes in Dorr classifiers and of the respective 
sand-moving devices in other types determines the degree of agitation of the 
pulp and to a large extent the tonnage rate of sand removal. For coarser 
mesh separations a higher degree of a^tation is necessary to keep coarse 
material in suspension; for finer separations, less agitation and lower raking 
speeds are necessary to avoid oversise in the overflow pr^uct. It should be 
Doted that agitation should be at a minimum near the overflow lip and greatest 
near the sand end of the tank to insure thorough washing of sands; this is 
readily seen in the design of modem classifiers. 
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Height of OverfUno Weir .—The addition of strips to the overflow weir to 
increase its height a few inches is sometimes used as an auxiliary means of 
obtaining finer overflows and reducing the oversise in the overflow. It may 
also be of advantage when trouble is experienced with surging. 

Primary Slimee .—The presence of a favorable proportion of primary slimes 
in the classifier feed is desirable for best results. Absence of primary slimes 
may lead to surging in the classifier tank and resultant nonuniform separation. 
An excess of primary slimes may make it necessary to operate with high 
dilution to prevent passage of oversize into the overflow product. The primary 
slime factor should be carefully considered in laying out the grinding and 
classification flow sheet, particularly in multistage classification. 

J?ea{7rnis.^The addition of flotation reagents in the grinding circuit may 
have an undesirable effect on classification under some conditions, or certain 
reagents in proper amounts may improve classification. Sodium sulphide 
is particularly bad, in some cases completely destroying classification. Con* 
trol of alkalinity of pulp may result in better work. 

Classification and Differential Grinding. —In some ore concentrators 
it is desirable to grind heavier sulphide constituents of an ore somewhat finer 
than the accompanying siliceous gangue constituents to attain the most eco¬ 
nomic liberation of valuable minerals. The action of the classifier in this 
connection in overflowing heavier minerals at finer sizes than lighter minerals 
is thus distinctly an advanta^. This behavior has been of particular benefit 
in grinding gold ores containing p^^te and a light gangue mineral, with the 
gold very intimately associated with the pyrite. Another manifestation of 
the principle of differential grinding w*iU be found in comparing sizing tests of 
sulphide flotation concentrates with those of tbe corresponding tailings; the con¬ 
centrates will prove to be considerably finer. 

Operating Data and Costs.— Data showing the relation of classification 
to fine grinding have been given in Chapter VI, Fine Grinding. The data 
given at this point are selected primarily to show classifier performance, but 
the close relation between classification and grinding should be emphasized. 
Reliable data on cost of classification alone are not always available, but in gen¬ 
eral it is very low and is included in grinding costs. Wear and upkeep of rakes, 
interior of tanks, etc., are small, and power consumption for raking accounts 
for only a small fraction of total mill power. 

A company operating in Arizona on a low-grade copper ore reports the 
following operating data and costs. Tbe ore consists of secondary cbalcocite 
disseminated through a gangue of schist. Tbe concentrating plant has a 
rated capacity of 18,000 tons per day. 
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CHAPTER XI 


COARSE-SAND CONCENTRATING BY JIGS 

Principle, Pcrpose, and Definitionb.— The jig is practically the uni- 
versal machine for this field of concentration. The work of hydraulic jin 
depends, as a rule, upon the action of two currents of water, an upward and 
a downward, alUmating with each other in quick succession, upon a bed 
ol sand supported by a screen. Sands of two or more specific gravities, durini? 
the upward movement, calM “pulsion/' arrange themselves according to the 
law of hindered settling. During the downM*ard movement, called “suction " 
small pains, wherever they are free to do so, move downward through the 
interstices between the large grains- In continuous jigs there is generallv 
also a surface-carrying current, which serves to transport the lighter grains 
fons;ard until they are discharged over the tail; sometimes this is done bv a 
mechanical device. 

The machines to described under this heading are of two classes: jigs 
with movabU 9ievc$, which obtain the currents by moving the sieve up and 
down m the water, either by hand or by power; and jigs with fiztd «ews, in 
which the currents are produced either by a plunger or by a stream of hydraulic 
water brought from a hydrant into the hutch, that is, the space beneath the 
sieve, or by both. The fixed-sieve jigs are by far the more common. This 
hydraulic water acts to modify both pulsion and suction. Its increase adds 
to the former and diminishes the latter. It may be increased to an amount 
which will stop suction altogether; this possibility, however, is more theoretical 
than practical, because of the large amount of water required to accomplish 
the result. If, on the other hand, the hydraulic water is reduced to zero 
then suction is increased to the maximum and suction equals pulsion. ’ 

The jigs have proved the most valuable concentrators yet devised for all 
the coarse products. For comparatively fine products they are not used to 
the extent which they were before the introduction of tables of the Wilfley 
type. There are places, however, where jigs are used on moderately fine 
material in preference to tables. The question as to which machine will be 
used can be decided only by tests. Jigs have never been used to advantage for 
treating slime. They can be used in the separation of two, three, or four min- 
erab, for example, quartz, blende, pyrite, and galena, The coarse jigs can be 
used to save clean lump ore and to send the lumps of included grains to the 
crushers to be recrushed. The fine jigs can be use^ to yield pure concentrate, 
middling for recrushing and wa-shing, and tailing clean enough to throw away. 
The feed to jigs may be sized products, classified products, or natural products. 
Jigs are, as a rule, final washers, that is, among the products which they 
turn out are one or two finished products—concentrate or tailing, or both. 
Besides, they generally yield one unfinbhed product which may be either the 
concentrate, the middling, or the tailing, according to the method of running. 

The products of a jig are designated as follows: (1) Tailing, which forms the 
top layer and is either skimmed off the top intermittently by hand, or carried 
over the tail board continuously by the carrying current. (2) Coarse con- 
ceniToU, which forms the heavy or lower layer upon the sieve, and b composed 
of grains too coarse to go through. It may be remoN'ed intermittently by 
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aWnuning, or continuously by devices called “discharges.” (3) Hu(ch product, 
the hutch'' or fine conceninsie, is the part which goes through the sieve, it 
is discharged intermittently by shoveling or by a gate, or continuously hy a 
running spigot or by an elevator. A jig may be run to make any two or ail 
three of the preceding products. Before taking up the details of the 
following definitions will be given of three terms as they will be used by the 
author: The boUom bed is the lower layer on the sieve, consisting of heavy 
mineral. The iop layer is the upper layer, consisting mainly of gangue from 
which the heavy mineral is in the process of being separated. The whole bed is 
the phrase used when the above two are spoken of collectively. 

MovABLE-si£VE Jios in common use may be divided into: 

Movable-sieve hand ji^s. 

Continuous movable-sieve power jigs. 

Movasle-sieve Hand Jios 

This form of jig is used where concentration is being proved, or where the 
plant is small, or where, as in Missouri, the mines are pockety and a large, 
elaborate mill will not pay. For these reasons the band jig will be considered 
in considerable detail. 

The jig (see Pigs. 113a to 113d) consists of a jig box G with a screen B, two 
connecting rods C, a jigging lever D, and a jig^ng tank A filled with water. 
The whole apparatus is usually made of wood, reinforced with strap iron. 
The screen is placed 2 or 3 inches above the bottom of the jig box to destroy 
the evil effect of side currents. An adjusting arc K is provided for leveling 
the bed, for if it is out of level the whole bed will work to one side. The 
jigging lever is most convenient when located at the height of the operator’s 
kips, although sometimes it is placed over bis head. The operator can work 
more easily and more effectively if he stands on a spring board. To make the 
downward movement of the screen more sudden, and therefore remove momen- 
tsT^y (he screen support from under the bed more effectively, a slip joint J is 
us^. causing a downward blow to be imparted to the screen. A counter* 
weigkt may be required to balance the jigging lever. 

The method of working is to charge the jig box with ore of the proper 
sise and depth. The coarser the ore the deeper the whole bed may be, and the 
deeper the whole bed the greater the output, but when too deep the separation 
by gravity is hindered. It is jiued with the proper amount of stroke and 
number of strokes per minute (t^ coarser the ore the longer the stroke and 
the less the number per minute), giving a sharp downward motion to the 
screen, in order to release the whole bed from it and so allow the ore particles 
to settle through the water under hinderod-settUng conditions. The motion 
should be stronger with coarse than with fine ore. The return movement 
brings the water back through the screen and uses suction to draw down the 
fine concentrate. Experience only will give exact data on the speed, the 
amount of throw, and the number of strokes required for different ores. 

When the jigging is finished, the lever is lowered and fastened to its hitching 
postL. The screen is thereby lifted out of water. The top layer is skimmed 
off with a short-handled hoe and thrown upon its heap. More ore is charged, 
and the operation repeated until the concentrate has accumulated; then, after 
the top layer is removed, the middle portion is skimmed off, generally to be 
returned; the bottom layer, which has accumulated up to 2 or 4 inches deep, is 
skimmed off as concentrate. The hutch product, which accumulates vertically 
beneath the screen, is shoveled out when sufficient material has accumulated, 
and the fine sludge, which settles in the rear part of the jig tank, is taken out 
separately. Some of the tanks are purposely made large, in order to secure this 
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fine product, ftnd in this case a partition coming up two-thirds of the way will 
keep the coarse hutch out of the fine sludge. The coarse concentrate and 
hutch products are generally treated again on a finishing jig with finer screen, 
which makes them ready to ship. The sludge may be rich enough to ship, 
or it may need buddle treatment in order to bring it up to the required stand¬ 
ard. Where two minerals which belong to different markets, for example, 
galena and blende, are concentrated, they may be separated on a finishing jig. 

Where rccrushing of middling is not to be resorted to, the jig, when tailing 
has been skimmed off several times and new ore charged, will bo skimmed, 
yielding tailing or top layer, middling to be returned, and coarse concentrate 
or bottom layer. This middling is taken so that the concentrate may be freer 
from gangue and the tailing freer from mineral. It also furnishes a layer on 
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the sieve which prevents gangue from rattling dow*n into the hutch while the 
next charge is being put on. After this middling has been returned a few times 
and has accumulated, the attendant will gradually take off bis tailing a little 
richer and his coarse concentrate a little ptwrer. This is his only way of dis¬ 
posing of the included grains for which his plant has no special provision. 

A hydrant, with water almost .shut off, an overflow pipe, and a little settling 
tank, may be provided for keeping the water at a constant level in the jig 
tank, or water may be added by a bucket from time to time. One or more 
holes are placed in the side of the tank, near the bottom, one below the other, 
for drawing off the water when it is desired to remove the sludge. 

In all the mills one man is required to a jig, which is high labor requirement 
compared with machine jigs. The capacity given by lUttinger for his hand jig 
is 3 to 4 cubic feet of ore per hour for each square foot of sieve surface. Hand 
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j)g 5 cost about $50 each and require little repairs. They can be put together 
anywhere with a saw, axe, chisd, auger, and a few simple iron pieces. 

In practice, the walls of the jig box may or may not project above the water 
during all parts of the stroke. When they project above, then suction is equal 
to pulsion, that is, just as much water wiU go down through the jig bed per 
stroke as rises up through it. When, however, the box is immersed, accord¬ 
ing to the amount of immersion, suction will be more or less diminished, 
leaving pulsion as much as before and giving a much softer and more open 
whole bed and one which would complete the separation into layers in much 
shorter time. This occurs because of the lift-pump action of a jig, which allows 
the water to rise more easily than to go down through a jig bed; here the water 
so pumped up flows over the aides when the jig is immersed. The latter 
method would be preferable for closely sized material; the former, probably, for 
mixed sizes. 

The hand jig is a valuable means of testing the best conditions for treating 
any ore by jigging, as it can be varied so easily and the results obtained so 
directly. 

CoKTiNuoos Movable-sieve Power Jias 

All these jigs have in common a ji^ng tank, a ji^ng screen and frame? 
and in moat cases some special connecting joint ^tween the tank and frame; 
some mechanism for giving the sieve its vertical oscillations; a feeder for bring¬ 
ing ore at a constant speed; and hydraulic water supplied to the hutch. They 
also have devices for removing the tailing, the coarse concentrate, and the 
hutch product, and for elevating the tailing water, in general returning it into 
the hutch of the machine. These devices make it possible for jigs to have 
a high capacity and a low consumption of water. As generally run, they have 
strong suction, owing to the fact that most of the water that passes up through 
the btd has to pass down again. The Hancock jig has been t^en as an 
example of this class. 

The Hancock Jio.—T he Hancock jig is of Australian origin and was 
invented by H. R. Hancock. It was designed to treat low-grade sulphides, 
such as chalcopyrite, bornite, sphalerite, etc., and proved to be a great success. 
This machine is shown in Figs. 114a. 1146, and 114c. 

The jig consists of a box (1) 25 feet long, 4 feet 2 inches wide, and 5 feet 
9 inches high, which forms the hutch. In the hutch box, and submerged in 
the water, works the screen frame (2), or sieve, of the jig. This sieve is 20 feet 
long and 2 feet 8 inches wide and is divided into a series of pockets extending 
across the screen. These pockets maintain and hold a bed, through which 
the concentrates are drawn into the hutch. This screen, or sieve, is carried 
on two cast-steel crossbars (3) securely fastened to the screen. The crossbars 
are supported by four upright arms (4), two on each side. These arms or 
rods are connected at the bottom to rocking-arm shafts (5), the rocking-arm 
shafts being connected to levers (6), the ends of which engage a three-w'ay 
cam (7) on the main drive shaft (8) of the jig. This main drive shaft revolves 
at 60 to 65 revolutions per minute, and the result of this motion is a reoipro- 
catory movement imparted to the sieve, which can be described as an upward 
and forward movement and a downward and backward movement. The 
upward and forward movement is produced by the rocking arms, the downward 
movement of the sieve is produced by gravity, and the “bump” or backward 
movement is produced by the radial bar (9), which is connected to the end of 
one crossarm, as shown in the illustration. The up-and-down motion is about 
I mch, the backward motion, or the “bump,” is only sufficient to advance 
the feed properly along the screen. The amount of the up-and-down motion 
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and of the “bump*’ is controlled by proper adjustment, so that this move¬ 
ment can be regulated to suit different ores. The number of reciprocations of 
the screen is 180 to 195 per minute. 

The advantages gained by the Hancock jig are numerous. In the first 
place, its use results in a great simplification of the mill In one mill this jig 
is dealing with all the material formerly treated by eight Harz jigs. The 
Harz jigs treated four separate sizes. This means fewer jigs, trommels, and 
launders, less power, only about one-fourth the water, and less wear and tear of 
screens- The quality of work accomplished is said to excel that of the Harz 
jigs, the concentrate being richer and the tailing distinctly poorer. The capac¬ 
ity of the Hancock jig is high, often amounting to as much as 500 tons per 
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24 hours. About 800 gallons of w*ater, or 3.2 tons are required per ton of ore. 
The power required in one instance is reported as 4 horsepower, 

Pdced-sieve JlOS 

In these machines the screen is stationary, and the water is forced to rise 
and fall through it by the action of a piston or plunger, which is generally 
placed in an adjacent compartment connected with the hutch or space below 
the screen. These machines are almost always driven by pow*er and are the 
forms in most general ase today. There are three classes of these jigs: (1) The 
Harz type, where the plunger receives its up-and-down motion from an eccen¬ 
tric revolving at uniform rate. The term “Harz jig” has been used loosely in 
the literature of (he subject. The author has, therefore, adopted the alwve 
definition, which is the one commonly accepted in the United States. (2) 
The accelerated jigs, in w*hicb some form of mechanism is adopted to give the 
plunger more rapid motion during pulsion than during suction. (3) The 
pulsion jigs, in which the pulsion is furnished by a pulsating water current and 
in which suction Is done away with. 

The Harz Type or Jies. —This machine has been regarded more favorably 
than any other jigging machine. It is used successfully for coarse and fine 
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ores, /or higher &ad lower specific gravity minerals. By it two-, three-, and 
even four-mineral separations can be made. 

It consists of a jigging tank with vertical longitudinal partition, on one 
side of which is the screen upon which the ore rests; on the other side is the 
plunger for creating the currents. As the partition does not reach the bottom, 
there is free passa^ for the water from the plun^r to the sieve compartnaent 
and return. The jig may have one or more jigging compartments, each with 
its own sieve and plunger, separated by cross partitions; two, three, and four 
are most commonly used, although as many as seven have been used in south¬ 
west Missouri. 



Flo. 116«.—CroM Metion. 


Rgures 116a, 1156, and 115c show a common form of the Har* jig as used for 
m^jurn and fine work. In this jig each compartment A is 34* inches long and 
15* inches wide, net size inside the lining P, and the plunger compartments B 
are 34* inches long and 14* inches wide, net size. Beneath every sieve and 
plunger 18 a hopper C, which serves for connecting the two and also for collect¬ 
ing and discharging the hutch product. For convenience the apex of the 
hopper IS brought newly to the front side of the jig. Near the apex of each 
hopper is a spigot, which consists of a round hole Z>, 2 inches in diameter, 
p^g through the plank and through an outside plate. This hole has a 
re^kte?hP around a pivot, serves to shut off or to 

nrlfn and pluDgeF compartment is a continu¬ 

ous longitudmal paitition F, which extends down 12, 11, 10, and 9 inches 
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respectively, below the sieves N and serves to distribute the pulsion from the 
plunger U evenly over the sieve. The ends, sides, bottom, and partitions arc 
all built of 24 -inch planks. The machine shown in the figures is a four>com* 
partment double Hars jig or two jigs placed back to back in one timber frame 
assembly. 

The screen frame is built of 2* by l*inch strips L on edge, with crossbars 
M 4«inch thick. The screen N is tacked to the top of this and the whole 
thing rests upon a ledge or lining 0 of }4nch boards extending all around 
the compartment. It is held down by }*inch board linings or cleats P above. 
This arrangement makes the surface of the wall of the compartments nearly 
continuous without obstructions. Between each sieve and the one following 
is a cross nartition or tailboard R, 4 inches above the sieve. The top of the 

[ )artition slopes downward toward the following sieve, which is placed 1 inch 
ower. The slope is such that the ore is delivered on a sieve at the same level 
at which it leaves it. Before the first sieve is a dead box 5,16 inches deep and 8 
inches wide, which serves to deliver the feed quietly to the whole width of the 
sieve through a slit 3 inches high and 6 inches above the bottom. A gap is cut 
at the tail end of the last sieve and a spout T attached for carrying away the 
tailing from the entire width of the sieve. 

The plungers V fit loosely in their compartments and are made of five 
thicknesses of {-inch board. The second and fourth layers have their grains 
90 degrees with that of the others. They are also 4 inch smaller in length and 
width to form the water packing. The plunger compartment is lined with 
j-inch boards V to take up the wear, To confine the swash, it has a cover W 
of l}-inch board with a hole in the center for the plun^r and one at the side 
for (he hydraulic water pipe. The top of the plunpr is 3 inches below that 
of the sieve when at the middle of its stroke. A reciprocating motion is given 
to each plunger from an eccentric X through a H-inch eccentric rod Y. The 
plunger is attached to the rod by means of a shoulder and washer a above 
and lock nuts and a washer 6 below. The eccentrics are adjustable to give 
any throw from 0 to 2 inches and are all placed upon the same shaft, so as to 
pulsate approximately together. 

The hydraulic water is put in on top of the plungers and is distributed 
to each compartment from a trough h running the whole length of the jig 
on the longitudinal partition, in the bottom of which are nipples i of IJ^incb 
pipe covered by sliding gates k for regulating the quantity. 

The discharge for coarse concentrate consists of an iron pen I, which acts 
as a gale for them to pass under, and a pipe m, which acts as a dam for them 
to pass over. The pipe may be slid into the wall of the jig, thereby adjusting 
the height of its inlet end. 

Cooley Jig.—T his jig, which predominates in the Tri-state lead-sine 
district, is practically a large Hara jig with as many as six to nine sieves or cells 
in series. 

Bbndblari Jig.—T his is shown in Fig. 116 and is a fairly recent improve¬ 
ment over the Hara-type jigs. It has achieved favor in the Tri-state district 
and elsewhere because of considerable saving in floor space and foundation 
costs and greater convenience in operation and supervision. Instead of a 
plunger in a separate compartment, a movable circular or hexagonal plunger 
or dbk A is attached by an annular flexible rubber diaphragm By also serving 
as a seal, to the supporting angle irons C which are spaced at intervals to allow 
hutch product to descend to the hutch discharge D. From the disk A a 
driving rod E extends down through a sealed opening F in the square hutch 
compartment G to the adjustable eccentric and drive shaft below. Water Is 
added below the sieve during the downstroke through a pipe with control 



CO ARSES AND CONCENTRATING BY JIGS 


181 


valve H and flap check valve I. This decreases suction. Relatively fine 
material has been concentrated successfully with this type of jig. On gold 
and tin dredges it has given good results and recovers free gold through 100- 
and 200-mesh size from placer gravel. The Eagle Picher central-milling plant, 
described in Chapter XVI, uses these jigs exclusively. 

Classifier Jigs.— Jigs intended to effect a preliminary separation of the 
slime from the coarser particles of ore have been introduced in a number of 
mills. These devices are known as ‘^slime classifiers’* or “classifier jigs.” 
They are not, strictly speaking, classifiers, but jigs with a slime-separating 
device added. In the same sense a Wilfley table might be spoken of as a slime 
classifier because it separates slime from sand. The machine of this type which 
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hM thus far found the most extended appUcation in the mills is the Woodbury 
^me classifier. Since the slime classifier differs only in minor details from the 

Sfa“sTngIe heJ“ng'®“ * Woodbury system 

5*"™? « primarily a jig with plunger com- 

tn separating slime from the sand is 

‘ I classifier over the plunger 

compartment uncla^ified, with slime included, and is subjected to a jigging 

Md to bottom, then middling, fSid^ 

of hutch water upward through the screen holds the 
suspension. A large brass shield (1) (Figs. 117o 
^ "'‘'*®** *•' against the ^trance 

of waited off and passing around the shield over the tail 

shWd The sand passes under the sEme 

I ? through a gate (2) at a lower level than the slime. This 
gate IS reflated to suit quantity and size of material discharged This dis¬ 
charge ordinarily is a middlmg product, which goes to subsl^uent jigs for 
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further tre&tment. Fine material is jig g ed through the screen into the hutch 
and discharges through plugs. A brass concentrate cup (3) inside the slime 
shield extends down and into the bed of mineral^ which seab it against the 
entrance of sand, the mineral passing under the shield and out through a 
discharge away from the machine. The hutch is built entirely of cast iron, 
except where there are acid waters, when a wooden hutch is provided. A quick* 
and alow-motion device, consisting of a variable crank connection between 
driving pulley and eccentric shaft, pvcs to the plunger a quick downward and 
slow upward motion. Eccentrics are of the double design, with eccentricity of 
0 to 3 inches, and are arranged for ready adjustment. 

The advantages of the Woodbury slime classifier or first compartment 
of the Woodbury system are as follows: the uniting of clasrifying and jigging 
operations into one, with the consequent saving of floor space; dimini.shing 
the dilution of slime as a help to slime treatment; the saving of water and 
power; the doing away with settling^tanlc systems; the increased capacity, this 
jig having six times the capacity of the old CoUom and Evans jigs. 

Cleanup Jio.—In the Woodbury system of concentration the pulp from 
the first jig, or classifier, passes into the cleanup jig, flowing over the plunger 
compartment (see Figs. 117a and 117b). The cleanup jig has a differential 
motion imparted to the plunger, whereby the plunger makes a quick down¬ 
ward stroke and returns slowly. The cleanup jig discharges concentrate from 
the sieve by means of ovoid brass shields C, which are located near the tail 
end of the jig and are placed where they draw on the bed of concentrate equally 
from both sides. The shields extend into the bed of concentrate, which seals 
them against the entrance of low'-grade material. The concentrate is dis¬ 
charged from the center of these shields, by adjustable brass discharge.s, 
through the pipe P, out of the machine. The adjustment is made by varying 
the height of the end of the discharge pipe, which controb also the depth of 
concentrate on the screen, and consequently regulates the quality of the dis¬ 
charged product which goes through the bed of concentrate and the sieve and 
is drawn off below. The middling is drawn off through the hydraulic middling 
discharge. An angle from shield S b fastened across the tall end of the jig, 
extending down into the middling product, which seab it against the entrance 
of tailing. A vent pipe extending up to point A permits the sand under the 
shield to take on the jigging motion. From under thb shield a number of 
openings, placed at intervab of 6 or 7 inches, lead into the closed compart¬ 
ment M. , 

The middling dischai^ from under the shield through openings into the 
closed compartment and thence out through plugs in the bottom. A fresh¬ 
water supply pipe W in this compartment regulates the quality of middling 
which can pass under the shield and so be able to get into the regrinding 
plant- The tmling passes over the tail of the jig into the compartment G. 
The ore enters the next jig through openings 0 at the bottom of this compart¬ 
ment, and the excess of water which comes to thb compartment from the 
cleanup jig flows over the top into the trough marked “water lessener^' and is 
directed into the butch of the next jig. 

Middling Jig.—I n thb next jig, called the “middling jig,“ the same 
products are made in the same way as in the cleanup jig, except that the tailing 
is dbearded. This jig b like the cleanup jig, except that it has a sirnple 
eccentric without differential motion. The dimensions of the parts are given 

in the drawing. . , . 

In this system of concentration, hydraulic classifiers are eliminated, while 
the slime is .separated and sent to the sUme tables with little dilution- Abo a 
true middling product of included grains b made by the hydraulic middling 
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discharge on each jig. The feed to the jig classifier is under | inch to and 
including slime. Under certdn circumstances more than two jigs follow the 
jig classifier. If the tailing values of the middling jig warrant it, the tailing is 
run upon another similar jig and retreated in the same manner. 

At the Calumet and Hecla two sets of these jigs of five sieves each handle 
all the tonna^ from one stamp on the conglomerate; and three such series 
are used on the amygdaloid. The conglomerate stamping rate averages 325 
tons per 24 hours, all of which goes to the jig classifiers, where about 45 per cent 
Is separated as slimes. The first two of the five compartments yield free 
eopper, and the succeeding three discham middling, which goes to Wilfiey 
tables, the tailing of which is recrushed in the Hardinge mill. On the amygda¬ 
loid the stamping rate is 600 tons, all of which go^ to the ji^ classifiers where 
aome 40 per cent is separated out as slime. This gives a maxunura capacity of 
the 24- by 36-inch jig as 120 tons per 24 hours. On coarser material, where the 
tailing of the jig is to be recrushed, these cap^ities can ^ greatly exceeded. 

For coarse jigging the Woodbury Bull Jig has been introduced to cover 
the field of, and replace, the Harz Bull Jig. It is built of wood or iron on 
the Woodbury principle and has large capacity. It can be us^ on unsized 
material from f inch up. It can be equipped with a classifying device for 
separating wood chips or pulp. 

RjcflABDS PuLSATOR Jio.—As Will be shown later, it has been found that, 
when treating fairly closely sised products, the remov^ of the suction of the 
plunger jig results in an enonnous increase in the speed of jigging. Suction is 
of ^at value when a hutch product is desired, as in the case of jigging an 
unsised product. It is a drag, however, in that it cuts down the capacity of 
the jig enormously. The pulsator jig has been evolved and put in shape for 
practical operation by working along this line. The pulsator jig is, in a sense, 
derived from the pulsator classifier previously described in this volume. It is 
not claimed that this machine does away nith the Hars jig. When, however, 
it is possible to treat sised products, the pulsator jig with four pockets, each 
4 inches square, is capable of doing the work of three double four-compart¬ 
ment Harz jigs occup^ng nearly seventy times the fioor space, using five 
times the water and five times the power required for the pulsator. One 
square inch of screen area is, moreover, capable of doing the work of 200 square 
inches in the Hars jig. 

It is not claimed for the lUcbards pulsator jig that it can do cleaner work 
than the ordinary jig, but it is claimed that it will use much less water and 
occupy a marvelously small space compared to its capacity. There is a little 
crumbling of ore which goes into the tailing, but, when the Uiling is to be 
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reground, thia may all be recovered. The tailing may, in any case, be screened 
and the screening saved. In other jigs the particles remain such a long lime in 
the jig before they are finally discharged as concentrate that their comers and 
edges are rubied off to a considerable extent, forming a lar^ amount of fine 
material that is likely to be lost in the tailing. An illustration of this, and a 
fact well known among jigroen, is that the material forming the bed of other 
jigs is worn round and smooth. 

The siaes, capacities, etc., of the pulsator jig will be found in Table 43. 
The letters J, K,L, JV, etc., in the table refer to similarly marked dimensions 
shown in Figs, llfia, llSh, and 118c. 

Figures 11 So, 1186, and 118c show the jig in elevation, plan, and section. 

H represents the hutch, which is of the familiar form, with diving board h. 
The screen is located at 5, as in the Han jig. The compartments Ci, Ct, 
Cl, and Ca are located above the screen and communicate with corresponding 
pockets P\, Pi, Pi, and Pa- The dividing plate between P and C reaches 
nearly to the screen and acts as a seal or gate for the concentrate which rises 
in the pockets P and discharges through adjustable gates D into 0 and thence 
out to suitable launders. 

In place of the usual plungers and eccentrics there is connected at the 
top of the hutch a manifold M, by which water supplied through the valve V 
is distributed to each of the four compartments of the jig through four plug 
cocks connected to the branch flanges of the manifold. The water from the 
main supply pipe, which should be under a bead of 30 feet or more, passes 
through revolving valve B. The valve B corresponds in function to the 
plungers in the ordinary jig, yet in its action is radically different, in that it 
gives pulsatioxks of an entirely different character and in one direction only. 

The screen 5 is made up of two layers of brass woven-wire cloth, the lower 
one being 4 mesh and the upper one 20 mesh. In consequence of the fine 
screen used and the absence of suction in this jig, practically no hutch product 
is made, all the concentrate being discharged in the pockets Pi, Pi, Pt, and P 4 
and out through D and 0 as explained below. 

Operation .—The material fea to the jig passes through the hopper or trough 
F, over the division plates between the compartments Ci, Ct, Ci, and C 4 and out 
at the tailing gate T. In passing through from P to T, as above described, the 
particles arc subjected to the jigging action of the upward pulsating cuirent 
of water through the screen 5, with the result that the heavy mineral particles 
settle in the compartments Ci to C 4 and the lighter gangue is carried over and 
out at the tailing gale T. The heavy particles settle in Ci to C 4 in the ratio 
of their specific gra\'ity, that is, the heaviest mineral will be found in Ci and 
the lightest mineral in Ca- The dischaige of concentrate or heavy mineral is 
effected by extending the screen, and consequently the jigging action, across 
under the pockets P (see sectional view). All the particles of both mineral and 
gangue in C are kept in agitation, the mineral being at the Irottom and the 
gangue on top. The mineral at the bottom flows under the division between C 
and P into P, by reason of the pressure due to the height of the column of 
material in C. Eventually the height of the material in P would become almost 
as great as C, were it not for the gate at D, which allows the mineral from Pix> 
discharge. By adjusting the height of the gate i>, the concentrate from P u 
discharged as fast as it accumulates in the bottom of C, the flow from C to P 
being maintained by the difference in head in C and P. , . i 

This very simple method of discharging the concentrate explains also 
why it is possible with the pulsator jig to feed lean or rich ore, or to stop the 
feed altogether and then start again without readjustment of the machine. 



Fio. 118a.—Richfirda pulsAtor jig. EU«vAlien. Fio. 118c.—Section 
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The bed of maUrial, which in C may be aa deep as 10 inches, will cease 
discharging concentrate or mineral as soon as the level of the material in C 
drops to the level of the gate D. If gangue only is fed to the jig, then it passes 
over the bed and out at the tailing gate. If mineral and gangue are fed to 
the machine, the mineral accumulates in C and disturbs the balance between 
C and until a sufficient amount of mineral is discharged at Z) to compensate 
for that which came into C. The gangue that came in with the feed is carried 
over and out the tailing gate. 

Size of Feed .—In gener^ the feed to the pulsator jig should be screen 
sized to the same ratio of maximum and minimum particles as for jigs of the 
Harz type. At the present time the smallest size material treated is 1 milli¬ 
meter, and this is ^ing done in a 4-inch four^compartment jig having a 
capacity of 90 tons per 24 hours. The maximum size as yet treated is 12 
millimeters. It seems highly possible that 1 -inch material may be treated 
successfully in the larger sized jigs, that is, 9 and 14 inches. 

Depth of Bed .—The depth of the bed carried on the ordinary Harz jig will 
probably average from 4 to 5 inches. The bed carried on the pulsator jig 
will average 8 to 12 inches. This feature of being able to carry such a deep 
bed makes the performance of the machine less subject to fluctuation, with 
the result that, when once adjusted for a certain class of ore, this adjustment 
may remain unchanged, w*hile the ore fed to the jig may be lean or rich, or, 
in fact, may cease altogether, and yet the jig w*ill operate perfectl)[ under all 
these widelv varying conditions. In fact, with some of the first jigs made, 
it was possible to leave the jigs in operation for weeks at a time W'ithout chang¬ 
ing a single adjustment. The ordinary jig has such a thin ^d that the con¬ 
centrate discharge is decidedly non regulative and very sensitive to any change 
in the richness or the quantity of the feed. 

Tests on PuUator Jia .—The author has conducted a test upon the single¬ 
pocket pulsator jig in the lalwratory of the Massachusetts Institute of Tech¬ 
nology. This test was made upon a Missouri lead ore with limestone gangue. 
The material treated was carefully sized through 4 millimeters on 2 millimeters. 
The results obtained in this test are given in Table 44. 


TABLS 44.—PULSATOR JIQ TEST ON MISSOURI LEAD ORE 



Kilo^TAtaa. 


Welihl 

L««d. 

Kiloc^Bia. 

Peraat. 

T«(*) 

Load. 

P«9d. 

ST .02 


1 

3.220 

100.00 

C^MOtrst*. 



2.«70 

02.10 

TAiliftC. 

Tt.SO 

HHuyUH 

O.Ml 

10.SI 


27.01 



100.00 






* All MMr* Sy permanicAJtAlc toetbed. 


Pan-American Pulsator Jig.—T his jig is of the pulsator type with only 
slight suction, the pulsations being produced by the patent Crangle valve 
which requires no driving mechanism. It is made in various sizes ranging 
from 12- by 12-inch single type up to 42- by 42-inch duplex type with cone- 
sponding capacities ranging upward from 200 tons per 24 hours for the 12- 
by 12-inch size. It has proved very successful in recovering fine free gold 
from grinding circuits and placer gravel with high ratios of concentration and 
is expanding into other fiel^. A bed of steel shot is used and all concentrate 
is by hutches. 

Denver Mineral Jig.—^T his machine is primarily designed for the 
recovery of heavy minerals, gold in particular, from closed grinding circuits. 
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It is an all*8te€l two-compartment and is operated at the relatively high 
speed of 300 to 350 strokes per minute, higher speed being nece^ary owing to 
the fineness of material treated in the grinding circuit. The jig is fed with the 
ball-mill product, discharges tailings to the circuit classifier, and produces a 
high-grade hutch product which is tapped periodically. The plunger is sealed 
to the walls of the plunger compartment by means of a flexible rubber dia¬ 
phragm, and water is added under the plunger compartment through a 
mechanically operated rotating valve, only during the return or upstroke. 
Such an arrangement gives minim um suction in the jigging action and reduces 
water consumption. Machines with three rises of sieves are furnished, 8 by 
12 inches, 12 by 18 inches, and 16 by 24 inches, respectively, with corre¬ 
sponding capacities quoted at from 15 to 500 tons per 24 hours. 

Jias IN GaNERAL 

The jigs just described represent leading types of modem practice. Before 
discussing the theory of jigging and the various adjustments of jigs and their 
effects, it may be well to study the construction of jigs a little more in detail. 

d ri d d 

Fio. 119. Pio. Ida Flo. Idl. Fm. 123. Fio. 123. Fio. 124. 

Jio Fraues and Takes.— Wood is generally used for the frames and tanks 
of Hars and Hancock jigs. Iron has been used and has proved very satis¬ 
factory, except where the mine water contains acid or copper. In recent years, 
and particularly in large mills, concrete tanks have been constructed. These 
have been very successful. 

Hutches. —The first continuous jig (Fig. 119) had a square tank and a 
longitudinal partition extending but Tittle below the rieve. The bed was 
treated very unevenly; the inner part was too active, the outer too stagnant. 
Guide boards (Fig. 120), to catch and appropriate proportional amounts of 
pulsion for each part, improved it. A rounded, tubular tank (Fig. 121) 
improved it still more but was costly. The inner cylindrical bend was replaced 
by a straight partition (Fig. 122), diminishing expense and still retaining the 
improved quality. The last two, however, were found to bank with sand to a 
hopper form, as indicated. So the next step was to make the hopper of wood 
(Fig. 123), and at the same time the importance of elevating the sieve some 
distance above the bottom of the partition, and of depressing the piston 
below the sieve, was recognised- Finally, the side hopper for discharging the 
hutch near the front margin (Fig. 124) was devised. This last appears to be 
the Bars jig of today, although there are many more of the regular hoppers 
still in use than of the side hoppers. 

The depth of the longitudinal partition below the sieve is of importance. 
If not deep enough, the action is uneven on the whole bed; the pulsion is too 
strong on the side next the partition, and too weak on the farther side; if too 
deep, unnecessary height and clumsiness are given to the jig. This partition 
should extend below the rieve a distance equal to 0.4 the width of the sieve 
for the coarse jigs and about 0.33 the width of the sieve for the fine jigs. The 
jjg tank is provided ’srith linings to take the wear on the plunger side and to 
hold the sieve frame in place on the ji^u^g ride. These linings are usually 
of wood. The grain of the wood on the plunger side should be vertical. The 



188 


TEXTBOOK OP ORB DRESSING 


lining on the sieve compartment is generally 1 inch thick and is interrupted 
or divided into two parts by the ^eve frame. The lower part forms the ledge 
upon which the sieve frame rests, while the upper serves as a cleat to hold down 
the sieve frame. The importance of these finings in giving smooth sides to 
the sieve compartment cannot be emphasised too much. The underlining 
should reach down so far that all irregular currents are broken up before they 
reach the sieve: to the bottom of the longitudinal partition is probably deep 
enough. 

Spigots for the continuous discharge of the hutch products are found in a 
great variety of forms. The author is of the opinion that there is no better 
spigot than the pipe and plug, which is probably the most common. It yields 
a full, round orifice at all times; it can be cleared in an instant if plugged; it 
can be replaced in an instant by the next sise larger or smaller, if found too small 
or too large; it is inexpensive and easily replaced when worn out; the attendant 
is not tempted to adjust thU discbarM, which should be kept constant to avoid 
deranging the action of the jig. This form cannot, however, be stopped or 
opened by a handle from above, but must be tended by hand. The size of 
the spigot will be J-inch pipe for the fine jigs. Occasionly, J-inch pipe has 
been ua^ successfully and the advantage of lessened w*ater obtained. 

When coarse jigs discharge their whole product through the sieve, a con¬ 
tinuously running spigot, large enough to discharge the grains without choking, 
uses an excessive amount of water and some intermittent device is needed; 
for example, a large pipe nipple, H or 2 inches or more in diameter, with a 
wooden plug, is us^. Common molasses spigots are frequently used for both 
coarse and fine jigs. 

Plungers and Mechanisu. —Plungers, except in some special types of 
jigs, should be of practically the same sise as the sieve. It has been found that 
smaller plungers having a longer stroke do not dve a uniform velocity to all 
parts of the stream. The upper face of the plunger should never be high 
enough to suck air and give a pmunding motion. The plunger should be made 
of several layers of wood, preferably an odd number, the grain running 
lengthwise on the outside layers and at right angles on the alternate pieces. 
Alternate layers are 1 inch smaller in length and width, to provide for a ring of 
water packing. A clearance or space is needed between the plunger and the 
sides of the compartment. This space is needed to provide for any slight 
swelling of the wc^ and for dirt in the water, so that the plunf^r shall not lose 
power by friction or cause wear on the lining. This clearance is comparatively 
Uttlc; for example, with a plunger rod 48 inches long and a throw of 2 inches, 
0.1 inch on each side of the plunger is sufficient. As clearance increases, the 
action of the piston becomes less and less positive. The advantage of a tight- 
fitting plunger is that it will recover quickly if the jig is overfed with heavy 
material, while the loose plunger will not. 

It is common practice, except in lai^ to have one connecting rod 
running from each eccentric to the center of each plunger. The eccentric 
must have the right throw to suit the work the jig is called upon to do and, 
since this varies, it follows that this eccentric must be adjustable. The throw 
will be greater for coarse products and less for fine, and there should a 
graduated scale to show at once the amount of throw at which the eccentric is 
set. The throw will vary from 1 to 3 inches, but it must be borne in mmd 
that the eccentricity must be great enough to meet all emergencies, 

There is generally one shaft running the entire length of the jig. The shaft 
has tight and loose pulleys to avoid the interference which would otherwise 
result from stops for adjusting, skimming, or repairs. Cone pulleys are 
sometimes used for varying the speed, but it is better, for simpUcity, to use one 
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fflise of pulley for each jig, when once the most favorable speed has been 
determined. 

A discussion of length and number of strokes on jigs will be found later 
under Theory in connection with Tables 46 and 47. 

Accelerated Mechakxsus. —The early theory of ji^ng, as stated by 
Bittinger and others, was to have the whole bed lifted on the downstroke of the 
plunger, while on the upstroke it was allowed to settle back again in as nearly 
as possible still water. One of the methods of reducing suction in order par^ 
tially to attain this end, has been by accelerated, or, as they are sometimes 
called, **8low-retum mechanisms”; that is, mechanisms which give a quick 
upwara motion of the water through the whole bed on the downstroke and a 
slow return of the water on the upstroke. They are used today to some extent, 
especially on coarse jigs, the prevailing idea being that on fine jigs, which 
are run with a short stroke and a high number of strokes per minute, the 
difference between the accelerated mechanism and the ordinary eccentric is 




FiOi •Uv^ilon. QuJck-nlurD laotioa 



SO slight as to cause no appreciable difference in the separation, and the added 
comphcations of the former render It objectionable. There are several ways of 
producing this acceleration, one of the most important of which will now be 
descnbed. 

DiFrERBiiT^L-MOTioN Variable-crank Mbcranism.— This motion is 
empl^ed on the Woodbury slime classifier and cleanup jigs, as well as upon 
j Superior mills. Referring to Figs. 125a 

^d 125fe, we have the shaft (1) supported by and running in the box (2). The 
box w extended laterally, forming an eccentric disk on which the pulleys (3) 
and (4 are frw to revolve. ^ ^ oil hole (5) permits of easy lubrication, and 
the pulley (4) is provided with a bronze bushing (6). The driving pulley (4) 

m ^ differential motion is givln the shaft 

U) through the sliding block (8) and arm (9) keyed securely to the shaft (1) 

mechanism may be more readily understood if we look at 
fv- ^ diagram P represents the driving puUey: 

“*d 1256; and e, Ci. c,, etc., different positions of 
*e crankpm as the ^vmg pulley revolves. Now suppose the pulley P to 
^ revolving at a uniform speed. It is evident from tU diagram that the 
sor A of one revolution, will have caused the shaft 
5 *"® revolved one-half a revolution, the other half revolution beine 
caused by the revolution of the driving pulley from 7 to 16 and to 1 agaim 











190 


TEXTBOOK OP ORB DRESSING 


Thia gives to the shaft $ an accelerated and retarded motion which is, in turn, 
conveyed to the jig plungers by means of plain eccentncs. 

Htdbaolic Water. —Water may be admitted directly to the hutches or 
put in above the plungers. In admitting it below, the sides of the plunger 
compartment do not need to be so high as when it is admitted above. How¬ 
ever. if admitted Mow, it is liable to bring in air bubbles, which may give 
trouble. A jig, to do its best work on sized feed, should diminish the suction 
due to the return of the plunger and allow the mass of grains to fall freely. 
There are several ways of attaining this end, such as (1) introdudng the water 
aMve the plunger and placing check valves in the plunger, or (2) introducing 
the water in the hutch by means of a check valve. A jig working under such 
conditions is called a **pulsion jig" and makes very little if any hutch 
product. 

In general, jigs treating coarse stuff require more water than those treating 
fine stuff, because larger grains settle faster and because water can pass up 
in a small number of Targe interstices with much less friction than in a large 
number of small interstices. The variation in the quantity of hydraulic water 
is used more often for regulating the jigging than are any of the three other 

frequently used adjustments, namely, rate of 
discharge, thickness of bottom bed, rate of 
feed. No general statement can be made as 
to the exact quantity of water to be added. 
The final regulation must take into considera¬ 
tion the appearance and feeling of the whole 
bed. The adjustment of the length of stroke 
and the hydraulic-water quantity should be 
such that during pulsion the bed should not 
be so hard that the operator's fingers cannot 
easily sink into the b^d and detect a gentle 
pull during suction. 

Sieves. —These may be made of punched 
steel plate, or of iron, brass, copper, or 
phosphor-bronze wire cloth. Punched steel 
plate is suitable for coarse jigs but has too 
small a percentage of opening for fine jigs 
and would reduce the flow of water. Wire- 
cloth screens are most common, and w'hen very fine are supported by a second 
and coarser screen. Experience has shown that copper and brass screens have 
the longer life, indicating that corrosion is more active than attrition in 
destroying the screen. Sieves are usually set level, but they may be given a 
slight downhill slope to give more rapid treatment and to increase capacity. 
The sieves rest on, and are supported by, sieve frames, which may beot either 
wood or iron. Crossbars are usually necessary w'ith the finer screens and are 
either of hard or of soft wood. They should M as small as possible, for a dead 
spot forms in the bed immediately above the bar. The screen is tacked upon 
these bars. 

The size of the sieve hole affects jigging in other ways also. The larger 
the hole, relative to the feed, the more freely will the fine grains reach the 
butch, and the less will the whole bed be clogged by their presence. The 
ratio of the diameter of the hole in the sieve to the diameter of the gruns in 
the feed varies from 0.09 to infinity. Jigs making only tiling and hutch 
should have the ratio greater than 1.0. Jigs making no hutch have ratio less 
than 1.0. The ratio should never be large enough to allow the bottom bed 
material to pass through. 


a 



Pio. 126.— 

tfttion of ftction of djfloroa(kftl*DOiioD 
v4Kable-crftak mocbftsiAm. 
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From the viewpoint of relation of feed and products to size of sieve hole, 
there are three ways of operating a jig: 

1 . The sieve hole may be smaller than the minimum grain of feed, in which 
case the jig makes only coarse concentrate and tiling and only incidental 
butch, smaU in amount, owing to abrasion of grains on the sieve. This method 
]s best applied to sised feed. 

2. The sieve bole may be smaller than the maximum grain of concentrate 
in the feed and larger than the minimum grain, in which case the jig makes 
coarse concentrate on the sieve, hutch, and tailing. Such a jig is said to 
make its own bed. This method is applicable for a natural feed or for the first 
spigot of a classifier. 

3. The sieve may be larger than the maximum grain of concentrate in the 
feed, in which case the jig makes only hutch and tailing and a bottom bed must 
be added to limit the passage of concentrate grains into the hutch. This 
method is commonly used for the later spigots of a classifier, although it may 
be applied to any kind of feed. It alJows the use of a coarser sieve, which lasts 
longer and gives less trouble from blinding. Also a cleaner separation and a 
higher grade of concentrate can be obtained than from a jig discharging 
coarse concentrate through automatic discharges, and consequently this 
method is to be recommended where beet work is desired or where the separa¬ 
tion is difficult. 

Coarse jigs have sieves ranging from 28 to 48 inches in w*idth and fine jigs 
from 22 to 38 inches. Rittinger limits the length of jig sieves to 36 inches for 
coarse material and to 24 inches for fine. Capacity increases with increase in 
width; in general, jigs treating coarse sixes must be wider than those treating 
fine sixes. There are two reasons for limiting the length of a single sieve: 
(1) The change in the w'hole bed, due to the remox'al of a part of the concen¬ 
trate, calls for changed conditions of pulsion, suction, and hydraulic water 
which can only be met by passing the material onto a new sieve; (2) in 
long sieves there is a tendency of the bottom bed to crawl forward. The bed 
is always found to be thinner at the head of the sieve and thicker at 
the tail. 

The number op jio compartments will depend upon the purpose for 
which the jig is to be used, the character of the ore, and the capacity required. 
The number of compartments will increase as the ore is crushed finer. It 
will vary from one compartment on coarse ore to five or six where the mineral is 
crushed fine enough to be completely freed of gangue. The number of com¬ 
partments will increase as capacity is desired, but for more than five or six 
compartments it is better to operate an additional jig, for in jigs longer than 
this the first compartments will be so overloaded as to do very poor work. 
It is obvious that the number of compartments vary with the character of 
the ore. If the mineral is coarse, fewer sieves are needed than in finely dis- 
semnated ores, or, if more than two minerals are to be separated, one from the 
other, more sieves are required than where but two minerals are separated, 
likewise, minerals having small difference in specific gravity require more 
sieves. 

Height of Tailboard. —The tailboard, or partition between sieves, 
sho^d alwavs have a honsontal straight edge, so that the waste sand may 
overflow with equ^ speed from all parts of the preceding sieve. The height of 
1 ^ depend upon the difference in the specific gravities of the 

v^uable imneral ^d waste and upon the sixe of grain. In general, a greater 
^erence m specific gra^ty requires a less he^ht, and a coarser grain requires a 
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Feeding and Bottou Bed. —In most cases the material b fed to the jig 
at the head end of the first sieve and passes over it and the succeeding sieves. 
Sometimes a one-sieve jig is fed at the middle partition. It is important that 
jigs be fed steadily, otherwise the variation will interfere with the discharge of 
the concentrate, either contaminating it with waste or throwing free mineral 
into the tailing. Automatic feeders are seldom used, for, as a rule, the material 
comes to jigs from previous machines, which are fed by automatic feeders. 
Not only should the jig be fed regularly, but in such a manner that the material 
will be distributed over the whole \sidth of the sieve, so that every part of 
jigging surface will have an equal load. The material should ^ fed upon the 
jig bed in a gentle manner, so that the arrangement of grains will not be 
disturbed. 

The bottom bed should be as nearly as posable of the sdme specific gravity 
as the concentrate. If much heavier, it will not lift with the pulsion, and if of 
low specific gravity, it will not remain level. The bottom bed should not be 
composed of a mineral which is easily abraded. Among the materials com¬ 
monly used for this purpm may be mentioned lead shot, iron punchings, iron 
shot, pyrite, and magnetite. The last makes an ideal bed. The thicker the 
bottom bed the less freely the concentrate passes through and the cleaner will 
be the butch product. We have another regulation in the sise of the bed 
grains. A bottom bed «*ith large interstices will discharge hutch more freely 
than one with fine interstices. We may go so far that the interstices will be so 
large that the grains will not move during pulsion. From a great number of 
obser\*ation8 the author has concluded that an average ratio of the maximum 
diameter of grain in the bottom bed to maximum diameter of ore particle is 2.9. 

Removal or CoARdE Concentrates.—T his may be done in either of the 
two following ways: 

1. By skimming. 

2. By automatic discharges run continuously or intermittently. 

1, Skimming the Steves.—Skimming is not used so much in American 
mills as automatic discharge. It has an advant^e where there is a small 
proportion of concentrate, for under such conditions it is difficult to regulate 
the automatic discharge. Then again the sieve is cleaned and the bottom 
bed adjusted at frequent intervals. These advantages, however, are more 
than offset by the extra amount of libor required and Qie interference with the 
mill system in shutting down and starting up the machines. The usual 
method is to shut off the feed, feed water, and hutch w*ater and stop the machine. 
The spigots are plugged after the water has been drawn down till its top is 
below the level of the sieves. The top layer of gangue is skimmed off with a 
bent piece of metal and laid aside. Next a layer of middling and finally the 
concentrate are removed and the bed cleaned. When this is completed, the 
middling and top sand are put back and the jig started once again. Sometimes 
a rough skimming is made quickly, without stopping the jig. Even when 
automatic discharges are used, it is frequently necessary to skim the sieves in 
order to clean them, as they sometimes become blinded, especially the finer 
sizes. 

2. Automatic Ducharges ,—Several forms of automatic discharges have 

already been noted. The common gate-and-dam discharge used with Harz 
jigs will be discussed a little more in detsil. . . , 

G<Ue^Ttd~ddm IHscharges (See Fig. 127).-^These consist of a dam A, with 
an opening B at a height C above the sieve, running in guides and adjustable 
as to height, and a gate or enclosure E so arranged that coarse concentra^, 
in order to pass out through B, must first pass under E. The theory of the 
apparatus is as follows: If (7 is the depth of the coarse concentrate and H of the 
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top layer outside the eaclosure, and if C is the depth of coarse concentrate 
inside, then, owing to the fluidity of the bed, C will balance H and G, just as a 
shorter column of heavy liquid will balance a longer column of light liquid. 
For eicample, suppose quarts, specific gravity 2.6, and galena, specific gravity 
7.5 are being jigged, and G and H each equm 2 inches. If a column 1 square 
incii in section is considered, the weight of a cubic inch of galena being 0.2700 
pound and of quarts 0,0936 pound, then the column G weighs 2 X 0.27 * 
0.5400 pound, and the column M weighs 2 X 0.0936 » 0.1872 pound, and the 
column 0 + M weighs 0.7272 pound. The height of the column C of galena 

0 7272 

necessaiy to balance G + H is q ~ 2.693 inches. The apparent error in 


assuming both columns to be solid rock is eliminated by the fact that they arc 
both up of particles of approximately the same sise with the same pro¬ 

portion of interstices. 

It is essential that the concentrate in the pen C behind the gate E shall 
be loosen^ up and pulsated by the action of the plunger. This prevents 
the use of too small a pen, in which the friction on the sides 
would hinder the loosening action of the plunger, and also 
prevents the placing of the dam outside the jig, where the 
concentrate would not be pulsated at all. 

The liquidity of the bottom bed is such that it will 
approximately find its own level, and. if galena comes to the 
sieve in the feed, the bottom bedG will increase in depth, and 
the g^ena will rise above the height C and will overflow 
through B. Owing to ibis fact, this discharge is approxi¬ 
mately automatic; for example, if galena ceases to come in 
the feed, the depth 0 decreases until the depth of the galena 
is equal to the height C and it ceases to overflow B. The 
conmtion under which it fails to be automatic is when C has 
been set low on account of a rush of galena, and it is fol¬ 
lowed by a cessation of concentrates. Then the top layer 
of gangue is almost certain to flow out under E into the 
concentrate. 

It is generally held b^ millmen that, with a heavy concentrate like galena 
or native copper, the liquidity of the bottom bed is so perfect that it matters 
not whether the discharge is placed on the side, the center, or the tail end 
of the sieve, the flow of concentrate will be toward the discharge from all parts 
of the sieve. Where lighter ores, as blende, are concentrated the concen¬ 
trate layer G is much less perfect; in fact, it is much thicker toward the tail end, 
and in this case a discharge at either the side or center of the screen works less 
perfectly than one at the tail end. 

Height or the Gate. —The space F, that is, the height of the gate, must be 
just sufficient to allow the particles of coarse concentrate to pass freely beneath 
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the gate. If the height is much increased, there is danger of gangue coming 
into the concentrate. The ratio which the height of the gate above the sieve 
bears to the diameter of the maximum grain of feed differs witi) the sisc. This 
is shown in Table 45. The lighter the specific gravity of the coarse concentrate 
the higher the gate should be above the sieve. 

The height of the dam C must be regulated by trial. It must below enough 
to keep the layer G from flowing over the twl of the jig, and yet not so low as 
to let gangue pass under gate E into the concentrate. 

Removal of Tailing. —The usual American practice allows the tailing 
to overflow the tailboard of the jig, the water washing it away in a launder. 
Sometimes the tailing is unwater^ where further crushing is desired or further 
jigging, or where economy in water is desirable. Several dewatering devices 
applicable to this work are described in the chapter on Accessory Apparatus. 
The drag classifier described in Chapter X is also adapted to this work. 

Capacity and Power. —The capacity of a jig is expressed by the quantity 
of crude ore which it can treat in a given time. It is influenced by the length 
and width of the screen and the character of the ore. Other things being the 
same, the capacity is nearly in proportion to the width. The capacity will 
also increase with the length, but not nearly in the same proportion, for it 
has been found that a length is soon reached where father addition would g^n 
nothing. Coarse jigs have a higher capacity than fine jigs. Richness of ore, 
ease of separation, regularity of feed, alM have their effects. Jigs will average 
a capacity of from 0.5 to 2 tons per square foot of sieve area per 24 
hours. 

The power required is expended in the work of lifting the sands, drawing the 
returning water down, and in friction. It will depend upon the area of the 
sieves, the height of the tailboard, the specific gravity and sire of the material 
being handled, and the length and number of strokes per minute. The horse* 
power requirements will vary from horsepower for a one-slevc jig up to 3 
horsepower for a four-sieve jig. 

Field of Work. —Formerly jigs were rarely used for concentrating sixes 
finer than Ij millimeters, but in recent years certain developments and im¬ 
provements effected have resulted in the extension of jigging for certain 
purposes into finer sizes. The coarsest size jigged depends on the size at which 
the minerals are freed and may bo as large as 2 or 3 inches in some cases. 
The developments in flotation and tabling for concentration of fine sizes 
and in smelting of fine concentrates and the tendency of mined ore toward 
finer and finer dissemination of mineral constituents have combing to brix^ 
about a reduction in the number of applications of coarse-sand concentrating 
machines, but in milling many lead-xinc ores, native copper ores, and gold 
ores, ji^ng continues to play an important role. 

In concentrating Tri-state lead-sine ores, sizes from about f inch down 
to 65 mesh are jigged, the crushed ore finer than 65 mesh being separated by 
drag classifiers for tabling or flotation, or both. This district uses the rougher 
and cleaner system of Jigging unsixed, deslimed feed. Rougher jigs produce 
a clean discharge concentrate, a dirty hutch concentrate (“smittem included- 
grain middling chats**), and tailings for discard. The dirty butch con¬ 
centrate is reji^ed in the cleaner jigs to give final lead and zinc concentrates 
and further middling products. The combined middlings produced in this 
system arc treated in a variety of ways, involving various combinations of 
recrushing, rejigpng, tabling, and flotation. In Idaho, lead-zinc ores have 
been jigged by a contrasting system, the ji^ being fed by material relatively 
closely sized by screens. In some ways this may appear the better system, 
but other contributing factors are of more importance in the comparison of 
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jigging with siied feed and jigging with unsized feed, aa will be brought out 
in the discussion of the theory of jigging. 

Coarse native copper in the form of nuggets is recovered from Lake Supe¬ 
rior ores by jigging. Practice at the Calumet and Hecla plant has alre^y 
been indicated in the section on Woodbup^ jigs. / 

The use of fine jigs in ball-mill-claasifier circuits for recovery of heavy 
minerals such as gold has been mentioned several times already. Jigging is 
one of several means for this purpose which have come into prominence in 
modem gold-mlUing technique as simple, cheap, and efficient methods of 
recovering a large fraction of ore gold values in a high-grade low-bulk con¬ 
centrate. Jigs have also been introduced into the field of recovery of placer 
gold, in this application saving coarse gold and even fine gold, minus 200 mesh 
in some cases. 

Apart from the general applications discussed, jigs find some scattered 
use in other milling procedures for recovery and separation of coarse minerals, 
for example, in milling magnetite at Scrub Oak (see Chapter XVll) and in 
certain nonmetallic plants, as for concentration of fiuor spar, etc. Jigging is 
an important procedure in coal dressing, and special jigs us^ for coal and their 
operative technique will be discussed later in the chapter devoted to Coal 
Dressing. 

In certain types of mUls jigs have met with competition from the Wilfley 
tables in sises as coarse as 0.25 inch, and it is possible to concentrate coarser 
material than this on a Wilfley table just as efficiently as on a jig, but the 
coarser particles abrade the table top rapidly and make tabling more costly than 
jigging above 0.25 inch. The greater floor-space requirement of tables for a 
given capacity is also a factor, particularly in installations in grinding circuits. 

Theory of Jigging 


As was stated at the beginning of this chapter, the work of hydraulic jigs 
depends upon the action of two currents of water, an upward and a downward, 
alternating with each other in quick succession. The upward current causes 
pulsion and the downward current causes suction. The arrangement of grains 
owing to pulsion is in accordance with the laws of hindered settling explained 
in a previous chapter. 

Pulsion. General Principles. —It has been clearly demonstrated both 
by the author and by other investigators that, under the reaction of pulsion 
with mixed sizes of grains of different specific gravities, certain definite positions 
are established according to diameters. Thus, in the case of quarts and galena, 
R. P. Jar\'is, using galena having a specific gravity of 6.6 and quartz with a 
specific gravity of 2.62, has determined this diametral ratio to be 5.8 to 1. 
The author’s latest determination, using galena with a specific gravity of 7 5 
and quartz with a specific gravity of 2.64, is 6.9 to 1, which, taking into con¬ 
sideration the greater specific gravity of the heavy mineral, is practically the 
same as the ratio obuined by Mr. Jarvis. All the work done by the author 
and the vep^ complete senes of tests made by Mr. Jarvis, indicate conclusively 
t^hat, in order to effect a perfect separation by pulsion alone, the grains should 
be siz^ between the limits of the hindered^ttling ratios. Under these 
con^tior^ and with the proper pulsion velocity, the separation is complete. 
li the ^nerals are not sized, or are not sized within the proper limits, the 
separation c^ot be complete, but a definite arrangement of grains will result 

Hitobred Settling.— When the hindered-settling 
ratios for a continuous current were obt^ed, as explained in the chapter on 
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Classification, it was next necessa^ to ascertain if an intermittent, pulaatiag 
current would produce any variation from that ratio. To test this question 
a pulsion jig was designed, which is shown in Fig. 128. It consists of a tin 
funnel a, with overflow 6, connected with rubber connector c to a glass tube d, 
cut apart at h for the insertion of a disk of sieve cloth. The two parts are held 
together by two clamps e and / and by two bolts g, g, and the joint, at A, is 
^ght by a belt of rubber plaster. The tube has a branch A, joined by 
k connector o to a common plug cock p, provided with a gear wheel 
which jntermeshes with a larger gear r, having a crank a, turned by hand! 
Water is supplied through the rubber hose i and the hydrant u. The lower 
end Of the tube is drawn down to 6.35 millimeters in diameter at and by 

rubber connector m is joined to a bulb n for receiv¬ 
ing what passes through the sieve. 

The method of operating this pulsion jig is 
simply to turn on the water gently at u and revolve 
the crank a at the speed desired. The revolution 
of the plug cock p makes and brea^ the water 
connection, and the rubber tube t is elastic enough 
to act 63 an accumulator for the instant that the 
water b shut off. The sand fed in at the funnel 
a quickly falls to the sieve h, and then receives a 
series of intermittent upward pulsations from the 
movement of the water. The sand is therefore 
subjected to an upward current of water at one 
instant, which remans stagnant the next instant. 
These pulsations may be given at any rate up to 
800 per minute. 

The results obtained demonstrated the exist¬ 
ence of the same ratios as with a continuous 
rising current acting under hindered-settling 
conditions. 

PowiON Velocity, —The full-teeter velocities given in Table 32 may be 
used to determine the proper pulsion velocity suited to an y particu lar case 
in hand. H. S. Munroe gives a formula V m 0.833Vi>(^ — 1), where 
V * velocity in meters per second, D — diameter in meters, and 3 w specific 
gravity of the mineral in question. This formula may be safely used for com¬ 
puting the mean plunger velocities of jigs within the range of sises usually 
Jigged. It cannot, however, hold below the ranges in which Rittinger’s 
formula applies and probably fails to hold even before that limit is reached. 
It may be written for convenience, V » 26.32VI>(i — 1), where V and D 
are given in millimeters rather than in meters. This formula gives substan¬ 
tially the same figures for full-teeter velocities as those given in Table 32, As 
the result of a considerable number of experiments, in which the piston speeds 
during pulsion and suction were not the same, Mr. Jarvis concludes that the 
best results are obtained by property balancing the two. The eccentric giving 
equal mean velocities yields alwut as good results as any of the accelerated 
strokes, at least within the range of sizes (2 millimeters to 0) treated by 
Mr. Jarvis. 

This question of pulsion velocity has a very direct bearing upon the number 
and length of strokes required. In general, the greater the number of strokes, 
the greater will be the capacity of the jig, but a certain time is needed for 
developing the full effect of the stroke, and this limits the speed. The time 
needed is less for a short stroke than for a long one and, consequently, the 
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with short strokes use a larger number of strokes per nunute. The 
numiw of strokes is usually determined when the mill is designed and no 
definite rule can be given. Table 46 shows, however, the practice. 

The length of stroke is adjustable, and the millman usually changes the 
same until he gets satisfactory results. It is possible, by applying Munroe s 
formula, to compute the proper length of stroke for a jig running at given 
speed and treating material, the rise of maximum grain of which is known. 
Munroe’s formula gives the mean plun^r velocity. The mean plunger veloc¬ 
ity may be defined as the average distance traversed by the plunger per 
second; for instance, if a plunger makes 100, 30-millimeter strokes per minute, 
it travels 100 X 60 » 6000 millimeters per minute, or the mean plunger 
velocity is 100 nrilllmeters per second. Suppose that we have an ore with 
quarts ganne (specific ^avity 2.64), that our jig makes 100 strokes per 
minute, and that tne feed is through 6 roUlimet ers on 4 milli meters. By apply¬ 
ing Munroe’s formula, we have V * 26.32V*6(2.64 — ij * 82.5 millimeters 
per second. The req;uired mean plunger velocity is then 82.5 millimeters per 
second, or 4950 millimeters per minute. If the plunger makes 100 strokes 
per minute, it must traverse at each stroke 49.50 millimeters, or the required 
length of stroke is 24.75 millimeters, or very nearly 1 inch. 
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Considerations which affect the amount of throw are as follows: 

1. The coarser the grains the^ greater must be the throw, because coarse 
grmns settle faster than fine grains and require a higher velocity of current 
and a greater quantity of water to lift them. 

2. The heavier the grains the greater the stroke should be, for the same 
reason as m the last case. 

3. A deeper bottom bed or higher tailboard on the jig will generally call 
for a io^er stroke, because there is more resistance to be overcome. 

* T amount of clearance space around the plunger is large, a longer 

stroke ^11 be needed than if it is small, to make up for the leak. 

5. A plunger which Is smaller than the sieve will require its stroke length- 
proportion to the diminution; half the size will require twice the 
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6 . If there is any constriction in the water passage between the plunger 
and the deve, as in the Coliom jig, a longer stroke wiQ be required to overcome 
the resistance. 

7. We may say, in a general way, the less hydraulic water used, the longer 
must be the stroke» but, since hydraulic water contributes to pulsion and sub¬ 
tract from suction, while increased stroke contributes to both pulsion and 
suction, it follows that increasing the hydraulic water is not equivalent to 
increasing the stroke. 

Table 47 gives some details of American practice. 


TABLE 47-—8UUUARY OF THE LENGTH OF STROKE OF JIGS 
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Suction, General Principles. —This term is used to define the period 
when a water current is passing down through the sand resting on the sieve of a 
jig. This down current will carry with it any particle that is small enough to 
pass through the interstices between the larger grains; but the arrangement 
which these grains have derived from the previous pulsion exercises controlling 
effect upon the w*ork which suction is to do. 

It has been shown already that the higher its specific gravity the smaller 
will be the diameter of a grain of mineral which, under bindered-settliiig con¬ 
ditions during pulsion, is adjacent to and in equilibrium with any given grain 
of quarts. Therefore the easier will the former pass down through the inter¬ 
stices between its associated quarts grains, when the suction of a downwai^ 
current begins to act upon it. 

Carrying this line of argument still further, if it can be proved that the si sc 
of the interstices between the quarts gnuns bears a certain definite ratio to the 
diameter of the quarts, in fact, that there is a definite interstitial ratio, then, as 
a consequence, the heavy minerals can at once be divided into two groups, 
according to their behavior under suction: (1) Those higher gravity minerals, 
the diameters of which under hindered-scttling conditions are smaller than the 
interstices between the adjacent quarts grains. (2) Those lower gravity 
minerals, the diameters of which under hiudered-setUing conditions are larger 
than the interstices between the adjacent quartz grains; or, in other words, 
those minerals the hindered-scttling ratios of which are (1) greater than, (2) less 
than, the interstitial ratio of quarts. The minerals of the first group will be 
easily sucked down by the descending current and pass through the jig sieve 
into the hutch below. The minerals of the second group will be more diffi¬ 
cultly drawn down. 

































199 


COARSB^Am CONCBNTRATING BY fIGS 

Thb Author’s Tests on Suction. —In order to throw light upon the rela¬ 
tion of the hindered-settling ratio to the interstitial ratio, and to bnng out 
any other facts which might come to light, a little movable-sieve jig, shown 
in Fig. 129, was designed. It consists of a glass tube a, a, a, «, 127 millimeters 
long, 32 millimeters in bore, which is cut at f, t, into two parts, 102 and 26.4 
millimeters long, respectively, the 102 millimeters being above the sieve; a 
disk of sieve cloth t, t is inserted between them; the parts are held together by 
the wooden bars b, b, and the bolts e, e, with nuts d, d. Power is transmitted 
through the rod A, u, the beam j, oscillating upon a pivot A, a connecting rod f, 
a small pulley m, with crankpin, a belt n, and a large pulley o, driven by a 
crank v. The crossbar / and the lock nuts g, g are used simply to stiffen 
the rod i*. The jig is suspended in a glass jar s, with water level at r. By 
turning the crank p, an oscillating motion up and down is given to I, received 
by tt, and transmitted to the jig sieve i, t. The amount of oscillation mav be 
controlled by connecting « with j, by means of any of the holes *. The smallest 
oscillation was 3.2 millimeters; the largest, 

15.9 millimeters. The latter was preferred 
for the tests. 

By means of this jig and of the pulsion 
jig I^)» already described, the effects 
of pulsion and suction were studied in three 
different combinations, namely, pulsion 
with much, with little, and with no suction. 

1. Pulsion mth Much Suction. —When 
the jig (Fig. 129) is run with the glass tube 
elevated 38.1 millimeters above the surface 
of the water at the lowest point of Its stroke, 
the jig operates during the first few pulsions 
as a lift pump, elevating the surface of the 
water within its tube until the inside water 
level is perhaps 25.4 millimeters above the 
outside level, the sand particles acting like 
so manp^ little valves. Thus it reaches 
equilibrium, and, from this time on, the 
suction due to the downward rush of water must be equal to the pulsion due to 
the unward rush of water. The whole bed of the jig so run Is tight and only 
slightly mobile. The strong suction compacts it more or less. Mobility may 
be partially restored by using a long stroke. 

2. Pulsion toitk Little Suction. —When the jig (Fig. 129) is run with the 
glass tube inundated to a depth of 22.2 millimeters ^low the surface of the 
water at the lowest point in its stroke, then, during the downward movement 
of the sieve, a fuU-putsion movement is given to the water as it passes up through 
the sieve, and the sand settles through it. But, on the upwwxi movement of 
the sieve, the sand settles in it, and comparatively little suction results from the 
inertia of the water. The reason is that there is a free discharge of the water 
at the top of the ^ass tube. Here we have pulsion with bttle suction. The 
whole bed of the jig run in this way is loose and very mobile. There is not 
enough suction to compact it. A shorter stroke suffices for mobility than in 
the case of much suction. 

3. Pulsion^ unth No Suction. —When the pulsion jig (Fig. 128) is used upon 
mixed sands, it matters not whether we revolve the cock rapidly, giving rapid, 
small pulsions with short intervals of repose, or more ^owly, giving fewer and 
stronger pulsations with longer periods of repose—the result is the same 
The sands are treated bv pulsion without suction. The whole bed of this jig is 
extremely loose and mobile, there being no suction to compact it. 


fc * 



Flu. 129.—jig, 
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In all the tests upon jigging now to be described, unless otherwise stated 
the stroke of the jig was 15-9 millimeUrs; the layer of quarts was 51 millimeters 
thick; the layer of the added mineral to be separated from the quartz was 
4.76 millimeUrs deep and placed on top of the quartz. A 16-raesh sieve was 
uMd in the jig throughout the teats. The rate of the pulsations varied some¬ 
what, but the mean was a little over 300 per minute. In each test the number 
of pulsations necessary to settle the heavy mineral was counted, and the 
percentage of the latter settled was estimated by the eye. These last two 
^9** comparing the tests. A high number of pulsions indicates 
dimcult separation; a low number indicates easy separation. 

^ made with quart* and blende, to note the behavior 

of SIX different sues of blende, paired one at a time with a standard size of 
quart*, under conditions of much suction, of little suction, and of no suction. 
The results which are given in Table 48 lead to the following conclusions: 


TABLE 48.—JIOOIKO QUART* AND SPHALERITE {BLENDE) 


Di«D»«t«f of quuta to miUimatm. 

a# Mm tl ^.aPa^b 

i.m 

i.m 

I.m 

1.795 

1.796 

1.795 

1.795 


l.ObO 

0.645 

0.465 

0.841 

0.107 


S«Tiw li viib . 

1 

1 

2 



Puldou oMd«d tor oeporaiioa... 


i.eTd 

1.7M 

667 

206 

669 

P«re«&i of Waado brought don. 

M 


•5 

65 

86 

66 


Snim 7. with Litil* SwqUmi. 


Pulfloaa aoHod for aoparatioa. 

Porooot of bltado broupht dowa. 

904 1 

n 1 

696 

96 

646 

100 

1.666 

66 

1.786 

0? 

lafioity* 

0 

Sorfao 9. wfth No Suctaoa. 

Puloioaa aacdod for aaparatiea. 

roreont of bloado brought dowa. 

147 

66 

606 

65 

464 

150 

lataUrt 

0 

loOaitrt 

0 

In9olty> 

0 


• Th* all up. t No nor* would eoa« dowo. 

t Not tntd; th» •ph»|«r»(« would undoubtedlx kovo aMMV if oet quit* aJl flooted up. 


1. Much suction gives veiy difficult separation on the three coarser sizes of 
blende and very easy separation on the three finer si*es. There is, in fact, an 
extraordinary break between the two diameters of blende, 0.665 and 0.495 
millimeter. To what does this point? Clearly, the 0.495-njillimeter grain is 
fine enough to be drawm down rapidly through the interstices, while 0.665 milli¬ 
meter is not. ^ The author considers that this measures approximately the size 
of the interstices in quart* of 1.735-millimeter diameter to be 0.495 millimeter, 

I 735 

showing the quartz grains to be Q — 3.50 timea as large as the interstices 

between them. That Is, the interstitial ratio of the quarts is 3.50. 

The reader may well say bore that there is nothing to indicate that gr^ns 
of blende between 0.495 and 0.665 millimeter will not be readily sucked down 
between grains of quartz 1.735 milUmetera in diameter and consequently that 
the figure 3.50 may be too large. Time was not available to answer this 
question, and, rather than to make any assumption, the author prefers to 
consider 3.50 as the interstitial factor. 

2. With no suction, the first two sizes of blende show easy jigging, while the 
last four make little or no separation. 
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3. Little suction is much no suction, differing from it only in the 
fact that on the coarse grains jigging is not so easy and on the fine grains 
jigging is not so difficult. 

A similar series of tests was made ui»n quarts and galena, to note the 
behavior of six different sizes of galena paired, one at a time, with a standard 
size of quartz. The results are given in Table 49. 


TASLB 49.— J10G1N0 QUARTZ AND OALBNA 


DlAaiAlor of quArtA la mllLsAtAn..... 

0jiiiB4Mr gAlAAA la auUitttUn.. 


1.786 

1.000 

1.736 

0.006 

1.785 

0.406 

1.786 

0.841 

1.736 

0.107 

Smm 1. with Mu«b Suoiioa. 


867 

008 

748 

837 

100 

88 

P«reeat of fAJtAA brouial down.^ 

100 

100 

08 

00 1 

100 

100 


SwIm 8, •fih LiiU* SaetioA. 


PuUiAU SMdAd for MpATAtiOO 

PeroAot of tAlADA breufbt dowo.| 

06 

100 

864 

100 

163 

08 

210 

00 

169 

100 

364 

• 

SaHoa 8. with 

1 

1 

1 




PuUODA RAtdod for AOPArAtlOb. 

1 18 

■fl 

66 

1 

886 ; 

m 

lo&Aity, 

PAfoeot of stlooA broufhl do«a. 



06 

06 

•« 

t 


• Tb» Dior* «ubfotl friuas w«at aimI tbs Satt*r cr«fM up. t Not triod. M tho 

KAieoA would undoubtotfy bAve aU SoAtod up. 



Fio. 130. 


On examination of these results, one sees that galena is of such high specific 
gravity and the separation takes place so easily that the rules laid down above 
do not apply with the same force as with the blende set, but they sufficiently 
corroborate those rules to let them stand 
for heavy as well as for light mineral. Wc 
notice that little suction is everywhere 
superior to much suction, except on the 
finest 81 se, where much suction is more 
rapid and more effective. No suction is 
extraordinarily rapid on the three coarse 
sizes, but fails away on the fourth, and 
breaks down entirely on the finest size. 

The author also found that, by jigging 
with much suction, small grains of quarts (0.495 millimeter and less) can be 
drawn down through the interstices between large grains (1.735 millimeters) 
of the same mineral, while jigging with no suction forces them up to the ton 
of the bed. 

The aulAor, in considering the intersritial ratio, sought some geometrical 
representation to picture the small grain of concentrates passing through 
interstice between the large grains of quartz. In Fig. 130 the diameters 
of the spheres of quartz a, o, a, will be 6.50 times that of the ore 6, when the ore 
can sup between the quartz, while the diameters of the quartz spheres c, c, c, c. 
will be only 2.44 times that of the ore d. The intersUtial ratio obtained for 
d.50, makes the space smaller than d but larger than 6. 

—To sum up all the preceding tests on hindered 
settling and suction, they clearly point to the following rules of jigging* 

1. hor Jigging closely sized products, to get the highest speed of separ 
use as little suction as the water supply will permit. 


separation, 
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2. For js^Dg classified products where the hindered^ttling ratio is equal 
to, or larger than, the interstitial ratio, or, in other words, where the concen¬ 
trates are stnalier than the interstices between the graixks of the gangue, use 
suction. 

3. For jigging classified products where the hindered-settUng ratio is less 
than the interstitial ratio, or, in other words, where the concentrates are larger 
than the interstices between the grains of gangue, use suction. 

4. For jig^ng mixed ^ses and gravities, natural products, or products 
not closely sised, suction is suitable, as no suction fails to save the finer 
sises. 

The amount of suction required in each case must be studied out upon the 
spot. In general, No. 3 will probably require a little less suction than No. 4, 
and No. 4 a little less than No. 2. In this connection the effect of suction in 
hardening the whole bed should be kept in mind. 

The degree of slang needed as preparation for jigpng, if wc are looking for 
the most satisfactory work, depends solely upon thehindered-settling ratio of 
the minerals to be separate. If the ratio is above 3.5 (assuming; this value 
to be sufficiently proved), then siring is simply a matter of convenience. The 
fine slimes would, of course, be removed; and, if it is more convenient to send 
egg sise, nut size, pea size, and aand size, each to iU own jig, the suitable 
screens should be provided for this purpose, and a hydraulic classifier for 
grading the finer sizes. But if, on the other hand, the ratio is below 3.5, then 
the jigging of mixed sizes cannot give perfectly clean work, and the separation 
will be approximate only. To effect the most perfect separation, close sizing 
must be adopted, and the closer the sizes are to each other, the more rapid 
and perfect will the jigging be. There may be conditions where the jigging 
of mixed sizes of this class will be considered sufficiently satisfactory, as an 
expedient, under the circumstances. 

In the light of the foregoing work, it is not possible, owing to the variable 
effect of suction, to calculate, theoretically, sieve scales which depend upon 
the differences in specific gravity of minerus to be separated; that is, it is not 
possible to give an exact range of sizes within which separation is easy and 
beyond which it is difficult. 

Briko’s TcBTs.^In order to study the action of downward and interstitial 
currents in a jig. Bring proceeded as follow's: To determine the influence of 
the downgoing currents, Bring made use of an ordinary continuous jig. A 
sieve with T-nmlimeter holes was used with a bed of S- to lO-millimeter grains. 
The material to be jigged bad passed through a 5-millimeter screen but was 
otherwise just as it came from the crusher. The tests were carried on with 
limestone of 2.72 specific gravity, granite of 2.60, and magnetite of 5 as tcstii^ 
material. In all his experiments Bring found that the grains of magnetite in 
the hutch product were of larger diameter than the grains of Limestone. He, 
moreover, reached the following conclusions: 

1. Increased thickness of the bed causes decreased hutch, with less 
diameter and smaller factor (the ratio of the diameters of the heavier and the 
lighter material). 

2. Increased size of the bed grains causes greater amount of hutch, lower 
percentage of metal in the hutch, greater diameters, but smaller factor. 

3. Decreased quantity of testing material causes increased amount of 
hutch, greater diameters, and smaller factor. 

4. With more limestone in the crude mixture there is a lower percentage 
of concentrates in the hutch, larger diameters, and larger factor. 

5. With more magnetite in the mixture: greater percentage of metal, 
smaller factor. 
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6 . Smaller siae of limestone; more butch, lower percent^e of metal, less 
diameter of the magnetite grains, but laiger of the limestone grains, less factor. 

7. Increased number of revolutions: more hutch, higher percentage of 
metal, less 4^ameters, and a con^derably increased factor. 

8 . Increased length of stroke: more butch, higher percentage, larger 
diameters, and larger factor. 

9. Increased specific gravity of the lighter material: increased diameter, 
smaller factor. 

10. Elimination of the fine limestone grains: less hutch but a greatly 
increased percentage of metal. 

Finally Bring concludes that in a modem jig the upgoing and downgoing 
currents cause the separation. In the coarse jig the former have the greater 
influence; in the fine jigs, the latter. 

It cannot be denied that the European practice of sizing the ore to a very 
high degree before jigging is now slowly changiDg, as it has been found that 
this practice only complicates the plant without being of any benefit, particu¬ 
larly if the difference between the specific gravities of the minerals to be 
separated is great. For this reason, it seems to offer a little further expla¬ 
nation of the action which takes place in the act of jigging. 


TABLE 50.—COMPARATIVE P08XT10K OP QUARTS AKD GALENA GRAINS IN A 

JIG BED AT INSTANT OP PULSION 


SIm Mta. 

Oraia OftUa*. 

81m Un. AT«m« 
Gr«la QuaHi. 

CwTMt V«Ioo1Um 

Pull Tmmf. Ma./Sm. 


.176 

6.83 


.88 

6.11 


.86 

7.88 


.83 

10.18 


.41 

14 4l 

.lU 


aw * wo 

16.06 

.m 


18 60 


.61 

18.86 


.68 

84.60 


.76 

88.10 

.39 


80.6 

.86 


80.8 


.81 

88.0 


1.04 

86.4 


1.18 


.41 


46.7 

.61 


44.8 

.68 


47.8 

.?6 

1.87 

68.8 

68.8 


1.6$ 

60.8 


1.86 

61,6 

.81 


66.0 

1.04 


66.1 

1.18 


T2.0 


8.88 

78.8 


8.66 

78.8 


8.88 

78.4 


8.68 

86.0 


4.17 

82.8 

1.87 


87.1 

1.65 


100.4 

1.8S 


116.6 

8,88 


181.0 

8.66 


177.2 

2.88 


180.0 

8.68 


816.4 

4.17 


828.6 


Let US look for a moment at Table 50. In the first column of this table we 
?.• k*®® ffrains expressed in milUmeters, the full-teeter 

velocities of which are gven m column three. In the second column we have 
the same senes for quartz. Now let us for the moment imagine that we have 
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these grains on the sieve of a Jig, the sieve having, let us eay, openings 1 milli¬ 
meter in diameter. It has just been stated that the author has determined 
upon 3.50 as the best value that can be given for the interstitial ratio, that 
IS to say, 1-millimeter grain of quart* is the largest grmn that can be sucked 
through the interetices between d.dO-millimeier grains of galena. In other 
words, if we imagine the grains at the moment of pulsion poised in order shown 
in the table, we shall see that the galena grains from 0.91 millimeter down will 
be sucked through the sieve, leaving on the sieve as a bed the galena grains 
larger than 1 millimeter in si*e. Now, the interstitial space through which the 
quarts ^ins can be sucked is >irtuaUy the space between the 1-mi Hi meter 
grains of galena, as at the moment of suction the bed becomes quickly com¬ 
pacted. This, then, means that the largest grain of quart* which will be sucked 
through into the hutch is somewhere In the neighborhood of 0.3 millimeter in 
diameter. A grain of this size may get through into the hutch, since the heavy 
galena grains are the first to settle, and there are innumerable chances for the 
0.3-millimeter grains to get beneath the large quartz grains at the moment 
of suction. 

If now we apply this reasoning to the conclusions arrived at by Bring we 
are able to see the reasons for the resulU which be has obtained. 

Epfect op Jio Bed, —From the last paragraph it is clear what effect 
bedding will have upon the result. Any portion of the ore column which 
remains fixed during the period of pulsion presents merely a mass of irregular 
tubular channels variously inclined, The result of thickening or thinning 
the bed, or of increasing or diminishing the size ratio between bedding and 
feed, is self-evident. Thickening the bed makes It more difficult for suction 
to do its work. Thinning the bed has the opposite effect. An increase in 
the size ratio between bedding and feed grsdns means larger and freer channels 
through which material may be sucked into the hutch. A decrease of this 
ratio has the opposite effect. The shape of the ore particles constituting the 
bed also has an important effect, as will be apparent. Any part of the bed 
which is free to pulsate may be considered as part of the ore column and amen¬ 
able to all conditions applying to the reaction of pulsation. The work done by 
Bring shows these points very well. 

Sizing before Jigging. —The general practice of the day seems to tend 
toward a more general application of the EngUsb system; that is, toward 
the use of the jig in the treatment of unsized material instead of the hydraulic 
classifier. While the treatment of material rized between wide limits is 
possible and thoroughly practicable, still the advantages resulting from a pre¬ 
liminary sizing cannot be denied. In the English system itself, when the butch 
products of one jig are treated upon another, we are making use of a prelimi¬ 
nary sizing. Again, in order to jig an unsized product, suction is necessary to 
effect a separation, and suction, as has been stated previously, results in cutting 
down the capacity enormously. This point is nowhere better exemplified than 
in the case of the pulsator jig described in a pre%'ious section. The arguments 
which have been advanced for the adoption of the English system on the 
ground that equal-settling ratios, many times larger than those obtained under 
free-settling conditions, exist on a jig have b^n amply disproved. It may 
be stated that both systems have distinct advantages and that the method 
adopted will depend largely upon the particular conditions existing in each case. 

Operating Data and Costs. —Data on the jigging of lead-zinc ores as 
practiced in the Tri-stato district will illustrate the roughing and cleaning 
system of jigging deslimed, unsized feed. A mill operating in this district 
reports the following: The ore is disseminated through a jasperoid breccia, 
contuning galena and sphalerite as economic miners^ in a gangue of chert, 
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josperoid, calcite, dolomite, and small amoimts of marcasite. Galena is 
readily freed, and sphalerite is freed at 48>me$b size. The mill treats about 
300 tons of ore daily in one shift of 10 hours. Feed to rougher jigs is crushed to 
^ inch and deslimed in a cone classifier. Tables and flotation are used for 
treating the fine sands and slimes. The rougher jigs make hutch concentrates 
to the cleaner jig, chats or included grain middlings to be rccrushed for the sand 
jig, and waste tailings. The cleaner jig makes finished lead and finished zinc 
concentrates from the hutches and a tailing, which is a middling product, to 
be re-treated. The sand jig makes a finished sine hutch concentrate, a lower 
grade hutch product to the cleaner jig, and tails to tables. 
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The following data reported by a company operating in the Coeur d’Alene 
district in Idaho illustrate the operation of jigs with sized feed The ore 
consists of argentiferous galena in a gangue of quartzite. The company has 
three nulls, the largest of which has a capacity of about 600 tons per day. 
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CHAPTER Xir 


FINE-SAHD AND SLIME GRAVITY CONCENTRATING 

Although the application of gravity concentration to fine sands and slimes 
is somewhat indefinite in range, most of it today lies between 2 and 0-2 milli¬ 
meters. Jigs limit the coarse end, and flotation now occupies almost exclu¬ 
sively the field below 0.2 millimeter. Between these limits, however, certain 
devices have continued to bold their places in mill flow sheets, and some are 
regarded with increasing favor. 

Gsneral Principles op Concentration. —As has already been brought 
out, the specific gravity of minerals and the sise of grains are the two most 
potent considerations in all gravity concentration processes, wet or dry. 
Specific gravity is the actual primary determinative factor in the separations. 
Particle size is the induced factor resulting fi-om crushing and grinding and 
thus from a general viewpoint is not a true primary basis of actual separations 
of minerals, although it is an important and essential basis of the actual 
manipulative processes involved. The processes dealt with so far have 
involved the actions of mineral particles in water currents of various kinds 
and in mobile beds, in relation to their specific gravity and size and, to a minor 
extent, in relation to their shape. In the field of this chapter the principles 
dealt with in previous chapters have not, in general, sufficed to effect efficient 
separations of minerals, and the fino-sand and slime concentrators make use of 
additional principles based on specific gravity and size. These additional 
principles are introduced by carrying out the separations on relatively flat 
separating surfaces, feeding the ore over these surfaces in thin bods with 
appropriate water currents and other favorable provisions. Reparations on 
surfaces take advantage of the factor of particle friction in relation to move¬ 
ment on a surface, the movement being brought about by washing or by 
mechanical means, sometimes by both. The lower limit of particle size of 
slimes concentrated by these machines is thus determined by their settling 
power, as the mineral particles which are concentrated must settle to the bot¬ 
tom of a carrying water film and remain definitely in contact with the separat¬ 
ing surface to achieve a successful separation. The concentrators used may 
be classified initially into two groups, as follows: 

I. Concentrators with the separating surface stationary. 

II. Concentrators with the separating surface in motion. 

I. Concentrators with the Separating Surface Stationary 

Concentrators of this type are rather crude and inexpensive to construct 
and to operate, and, although they often do not make a high recovery of the 
values, they are used to a considerable extent in this country and abroad. 
Sometimes they are the only concentrators used at a property, and at other 
places they merely precede or supplement the work of some other concentrator. 
Some are fed and discharged alternately, making them intermittent devices. 
In principle they are agitated by a water current flowing over an uneven 
surface, the heavier particles settling into catch pockets, while the lighter pass 
on. The chief devices coming under this head are riffles and their application 
to sluices, undercurrents, strakes, canvas and corduroy tables, and fixed round 
tables. 
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RIFFLES 

The term ‘^riffles” has been used indiscriminately to designate either the 
blocks placed in a trough or sluice to hold back heavy minerals, or to designate 
the pockets bet^en the blocks. In the following pages the pockets are called 
the riffles, and the blocks arc called riffle blocks.” When a stream of water 
carrying sand and gravel passes over riffles, the agitation due to the current 
softens up the deposit, and the quartz, being lighter, rises and is carried along 



Fio. 131.^Riffle iJuic* (from Bovie). 


by the current, while the heavier minerals, including gold, platinum, precious 
stones, garnet, and black sand, mostly remmn in the riffles. 

Riffles find their principal use in hydraulic mining, which is so large a sub¬ 
ject that It requires a treatise of its own. The author will, however, describe 
some of the forms of riffles and the ways in which they are used in ore dressing. 

In general the design of sluice and riffle block which most systematically 
combines spaces of quick current followed by spaces of comparative rest 
(eddies), often repeated, most successfully fills the requirements. The eddies 
however, must not be too quiet or they will fill with quartz at the start and 
never change. 
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Forms op Ripples. —Two common types of riffles are shown in Pig. 131 . 
ymber-block riffles are square wooden blocks set on end in rows across the 
sluice or launder. Rock riffles are made by placing cobblestones on end and 
close together in the sluice. Bar riffles are rnade by putting crossbars in the 
bottom of the sluice. These bars vary in form, plain bars, angle irons, and 
1-pieces being most common. Cocoa matting, carpet, and blanket riffles have 
proved very efficient catchers of fine gold in placer work. EiqDanded-metal 
riffles are very commonly used on gold dredges, especially in connection with 
cocoa matting. 

The above are only a few of the many forms of riffltss devised. Others 
may be found in any treatise on mining, for their most common use is in the 
recovery of placer gold. Any one or a combination of these riffles may be used 
it will be found that the character of the material being worked and 
the individual taste of the operator detennine the form used. 

II^^cer deposits mercury may be used with the riffle to aid in catching the 
gold. Cleaning up consists in removing the riffles and collecting the concen- 
t^tes, gold or amalgam. Cleaning up begins at the sluice head, by shutting 
off the feed, removing a few riffles, and turning in a small flow of water. The 
concentrate is worked over with shovels or scoops; as it washes slowly down the 
sluice bottom, the heavy material lags behind the waste and is scooped into 
buckets. The process is repeated in the next lower section. The residue 
IS treated on a table or is panned by hand. Cocoa matting or blanket riffles 
are cleaned by washing them in a tank of water. 


BLANK ST, CORDUROY, AND OTHER ROUGH 3URPACE8 

Blankets, corduroy, and other surfaces of a similar nature are some of the 
oldest devices for recovery of free gold, and in spite of the development of 
other processes, they still play an important role in this field. 

Cornish Frames. —These are plane, rectangular, wooden surfaces or 
strakes for the washing of fine slime. They are set with a slight slope. As the 
pulp flows down over the frame, there is a tendency for the lighter material 
to be washed away, leaving the heavier material on the table. After a short 
period of treatment, the feed is shut off, and the concentrate is washed into a 
separate rec^tacle, leaving the surface clean for another treatment. 

Canvas Tables. —These are inclined rectangular tables covered with can¬ 
vas. The pulp is fed at the bead end and flows down over the canvas surface 
which operates more effectively than the smooth surface of the Cornish frames 
in catching the hea\*y material. When the meshes have become filled with 
concentrate, the flow of pulp is stopped and the concentrate hosed, or broomed, 
off. Some form of distributor is used at the head end, for it is essenti^ to the 
success of the operation to have a uniform, thin film of pulp. 

Corduroy Cloth. —Within the last 10 years a blanket material has been 
developed in England for the specific application to gold saving from ^e 
pulps, the material being known as '‘pulp-sifting corduroy cloth." Tbe pro¬ 
nounced advantages of this special corduroy over other materials formerly 
used for the same purpose have led to its extensive adoption on the Rand, 
in Australia, and in Canada, and recently it has been gaining much favor and 
attention in the United States. Corduroy has replaced amalgamation in a 
lai^e number of installations and, in so doing, has given equivalent or improved 
results at lower cost and with fewer operating difficulties, althou^ a few plants 
have not been able to use corduroy satisfactorily. It is generally suitable 
for recovery of coarse gold, fine gold, or both together and may used on feed 
as coarse as 10 mesh or as fine as all through mesh. With very coarse feed. 
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however, wear may ^ excessive. Corduroy finds application both before and 
after flotation, cyamding, and other processes, in grinding circuits, and even 
as the chief recoveiy method m both placer-gold and lode-gold milling plants. 

pulp-si/tmg corduroy is a speciaUy woven, heavily-ribbed material, with 
its nap at an angle of about 45 degrees. The cords or ribs are narrower and 
closer together than those on the corduroy cloth commonly used for wearing 
apparel. The CTceuent results with this corduroy may be attributed to the 
free action of the nap fibers, which supplements and improves the sorting 
action of the coM making them much more effective than solid riffles. 

The cloth is sold m bales of about 80 yards length, in 28- or 35-inch widths, 
with the nbs or cor^ running lengthwise- The service life will vary, depend¬ 
ing on the nature of the pulp, from 1 or 2 months to a year 

Several methods of use are possible: (1) in the bottom of launders, (2) on 
special ubles, (3) on placer undercurrents, and (4) as endless belts for continu¬ 
ous operation. In any case the nbs are laid crosswise to the direction of 
pulp flow. The slope of the surface depends on the nature of the feed pulp 
sod may be from f to 3 inches per foot. A common arrangement in treatment 
of tube-null discharge is to use tables about 5 feet wide by 10 feet long, sloping 
about li or 2 inches per foot. However, there is considerable latitude in the 
way corduroy may be used, and its use will depend mainly on the matter of 
convemence m null arrangement and operation. The pulp density of feed 
averages around 20 per cent soUds but is apt to be somewhat higher in some 
cases, particularly in treating ball-miU discharge. Concentrates arc washed 
care/uiiy into suitable receiving tanks; in intermittent application, as the first 
three hsted a^ve, feed may be stopped and the blankeU washed every hour 
four or five tima a shift, or at intervals of 24 hours or more, while in the 
vanner-t)TO endless belts, concentrates are washed off the under return side 
of the belt continuously by a spray. The latter type of operation eliminates 
a large part of the labor cost, the mam cost item in corduroy milling Con¬ 
centrates may be amalgamated, cyanided, or shipped to the smelter. Barrel 
amalgamation IS the simplest and most common method for recovery of 
bullion from the corduroy concentrates. The mercury consumption is much 
leas per ton of crude milling ore than with plate amalgamation of the whole fecd. 
Feed rate to corduroy tables in typical plants varies from 0.5 to 5 tons of ore 
per square foot per 24 hours. 

Corduroy Blankets wrm Amalgamation.—The extension of the use of 
blankets from their former position as scavengers of tailing from other proc- 
essM to their present petition as direct competitors with plate amalgamation 
iuatifiM a bn^ companson of the two methods. When the gold recovery 
by either of these methods is supplemented by recovery with other processes 
such as flotation or cyaniding, the slight advantage of better recovenr of free 
pld from some ores by amalgamation is not so important. As a matter of 
fact m a co^deraWe numW of ores, the advantage of higher recovery 
has been with the corduroy. The latter is the case if the gold is rusty or coated 
so M to amalg^ate only ^th difficulty, if the ore or mill water contains 
soluble salts which poison the mercury, or if the feed is coarse and tends to 
rkt ? Corduroy has the important advantages of being less 
sus^tible to theft of gold, of having much lower initial and operating costs 
of r^uiring less ^perviaon and less skilled labor than amalgamation, and 

poisoning. Occasionally the fact 
^ ^“ eoW.are caught by corduroy may be of advan- 

osmindmm is recovered in economic amounts 
the gold. Amalgamation gives a buUion product directly, whereas the 
corduroy concentrate must be treated further to obtain bullion.^ This is not a 
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serious item, as the concentrate is very smaU in bulk and may be amalgamated 
in a barrel or cyanided at high efficiency and low cost. 

Fixed, Circvlar, Convex Slimb Table. —In this machine the pulp is 
treated on a stationary conical surface, usually of cement. The pulp dis¬ 
tributor, the feed-water distributor, and the wash-water distributors all 
revolve. These revolving parts are either carried upon a carriage or sus¬ 



pended from a revolving shaft. The table is surrounded by three fixed 
circular concentric launders for concentrate, middling, and tailing, A revolv¬ 
ing apron at the edge of the table receives concentrate and bridges it over to 
the conwntrate launder. A rimilar apron does the same thing for the mid¬ 
dling. Tailing requires no apron because its launder is vertically beneath the 

edge of the table. 

Theory of Film Sizing. —Fine sand and slime con¬ 
centrators with plane unriffled separating surfaces, such 
as the convex slime tables, Wilfley tables (unriffled part 
only), etc., make use of the principle of film sizing. 
This principle is illustrated in Fig. 132, A represents a 
section of a gently sloping table, and B represents a film 
of water flowing down the table. If we consider two 
|»rticles of the same specific gravity, but of different 
sizes, as C and Z>, resting on the plane surface within the 
water film, their velocities down the slope will be 
different. The force tending to move a particle down the 

E lane against its frictional resistance with the plane will 
e the sum of the component of the particle weight in 
the direction of the slope and of the force with which the 
moving water film acts on the particle, the latter being 
the chief determinative factor as for as the actual separa¬ 
tion is concerned. The pressure of the water per unit 
area of the particle exposed to the stream depends on the 
velocity of the water, which varies from zero at the bot¬ 
tom of the film near the table surface to a maximum at the 
top away from the table surface. Accordingly the 
particle of lar^r diameter D, extending farther upward 
in the stream, is acted on by a greater average pressure 
per unit area, in addition to having a greater area exposed 
to the action of the film, than the smaller one C. These 
two effects combine to ^ve the particle of greater 
diameter a greater velocity down the plane than the 
smaller one. If we compare particles of the same dimensions but of 
different specific gravity, as C and E, we shall find that the lighter parti¬ 
cle C moves faster down the plane. This result may be explained by the fact 
that the heavier particle £ will have a greater frictional resistance with the 
table surface owing to its greater weight, assuming that the co^cient of 
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friction is the srae for both minerals. Generalising upon the qualitative 
relations just derived: If an unsized mixture of two minerals is subjected to 
film sizing on an inclined surface, the particle velocities down the slope will 
vaiy wth the particle size, and inversely with specific gravity. Thus cuts 
of particles of the sme velocity will include large particles of the heavy mineral 
with smaUer particles of the lighter mineral, as indicated schematically in Fig. 
133. This figure shows the particles of light and heavy minerals arranged 
downward in the order of increasing velocity, under a given set of conditions. 
It is understood that these statements apply only to particle sizes in the 
range considered in the above derivation, because particles which are too 
large and project out of the water film will not move so fsst as smaller ones 
within the film and particles which are too small will remain in suspension 
and wash down in the water rather than move on the surface of the table. 
The significance of the data of Fig. 133 will be referred to and elaborated 
further in the discussion of jerking-table concentration. 

II. Concentrators with the Separating Surface in Motion 

This class of concentrators may be subdivided into the following heads: 

а. Those with an intermittent feed and discharge. 

б. Those with a continuous feed and discha^e. 

a. CONCENTRATORS WITH THE SEPARATING SURFACE IN MOTION AND 
HAVING INTERMITTENT FEED AND DISCHARGE 

The cradle or rocker is shown in Fig. 134. The material to be treated 
ifl thrown on the screen. Water is poured on at the same time, washing the 
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through the screen. The coarse material, which remains on the 

rS bv operation the cradle is 

strikes the canvas apron, where some 
of the fine gold is caught. It is then deflected to the head of the rocker and 
flows doim over the nfflw where the gold settles out. The chief use of this 
maebne is m toting work or in small-scale operations 

a ‘ 36 inches in diameter. It receives 

^ I vanmng pan. It is used for cleaning up the 
light stuff from cleanup barreU or from blanket riffles in amalgamating 
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b. CONCBNTRATORe WlTfi TUB SEPARATINO SURFACE IN yOTlON AND HAVING 
A CONTINUOUS PEED AND DISCHARGE 

Concentrators of this typs have found a great variety of applications, 
although their use has suffered some decline since the recent developments 
in the dotation processes. Jerking tables are still widely used in several 
fields and are doing work which entirely justifies their retention in preference 
(0 other types of concentrators. Vanners have been almost entirely eliminated 
by jerking tables and flotation. Round tables work in the rise range now 
occupied by flotation. The use of both vannera and round tables is therefore 
restricted to special problems» usually on ores not amenable to flotation. 
However, they will be described for illustration of their respective principles, 
because the principles may posribly find further applications in the future. 
The Johnson concentrator is of relatively recent ori^n and is used in South 
African gold mills at the present time. 

JERKING TABLES 

The separating surface or deck of a shaking table is shaken rapidly in the 
direction of its length, or rougblv so, and is inclined laterally a few degrees with 
the borisontal so that water nows across the surface about at right angles 
to the direction of shaking. Also the surface has riffles which are long, narrow, 
and parallel to each other. They may be produced by tacking on cleats, by 
cutting grooves in wood, or by casting grooves in rubber, metal, or other 
surfaces. The riffles may be tapered, their tip ends being in a diagonal line 
with the longest groove, or cleat, on the tailing side of the table and extending 
the whole length of the deck; they may all be of the same length, ending in a 
straight line before reaching the concentrate side of the table; or they may all 
extend to the concentrate side. In any case the cleats are usually tapered and 
sometimes they are broader at both rides and narrower in between. The jerking 
or shaking motion may be produced by eccentrics, todies, and springs; by 
eccentrics alone; by cam, spring, and bumping post; and in various other ways. 
In any case the backward movement should be more rapid than the forward. 
The rapid motion agitates the ore particles in the beds between the riffles and 
stratification occurs according to specific gravity and rise of the particles 
so that, under proper conditions, the heavy concentrate grains are found in 
the bottom layer. The motion is in the direction of the riffles and impels the 
grains toward the concentrate ride of the table, the under layer of concentrate 

5 rains moving a little faster than the upper layer of light waste grmns. Water 
owing downhill across the grooves washes the upper waste grains down the 
slope of the table much faster than the under concentrate grains. The line 
along which the concentrate and tailing grains part company is usually a 
diagonal line, and, when the tip ends of the riffle cleats end in a diagonal line, 
this becomes the line of separation. In other cases, however, this line is 
usually formed by a flexible bend in the deck itself. This class of tables is 
probably the most important of all the concentrators described in this chapter. 
Their success has been phenomenal and their capacity and efficiency are due 
largely to the riffles. 

WitFLEY Table. —This table, which will be taken to illustrate the type 
chiefly because it was one of the first successful tables, has been greatlv 
improved since its first appearance, and is one of the best known, there being 
over 22,000 in use today. While the author will use the Wilfley table as an 
example, the student should not for a moment consider that this is the only 
jerking table which has met with favor, for there are certainly many others 
possessing merit. Some of the better points in other tables of this class will 
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be explained in Uie description, but without reference to the particular table 
to which they belong. It is proper to say, however, that the tables of this 
class which use a cam, spring, and bumping post to give the motion are not in 
popular favor today, chiefly because of the disintegrating effect of the bump 

upon the mill building. ^ .. 

The original Wilfley table was made by Arthur R. Wilfley, and in May, 
1895, was used by the maker in bis mill at Kokomo, Colorado. The latest type. 
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known as Wilfley No. 6, is illustrated by Fig. 135. For the sake of uniformity 
of description, the upper side of the table is called the **feed side,” and the 
lower side is called the "tailing side”; the side where the concentrate is dis¬ 
charged, the "concentrate side”; and the side to which the mechanism is 
attached, the "mechanism side.” 

Foundolion.—To stand the stresses of vibration at the rate of 240 times 
per minute, a substantial support for the table is necessuy. This may be a 
solid beam of Oregon pine 12 by 16 inches in cross section or, in the more 
recent tables, two heavy channel irons. Some other makes of tables are sus¬ 
pended rather than supported. 
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H$<id MoHon .—The driving mechanism consists of a crankshaft, a pitman 
P, and two toggles A and R, as shown in Fig. 136. One of these toggles acts 
between one side of the pitman and an abutment C which is bolted to the foun¬ 
dation all; the other t^^le acts between the other side of the pitman and the 
yoke D, which is connected by a thrust rod and two nuts to the table top 
shown at the right. Motion is imparted to the Ubie deck by the pitman driven 
up and down by the crank, acting through the two toggles, which are held in 
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train by the spring E. The function of the spring is to take up loose motion in 
the toggles, and it should be kept in the lightest tension possible to accomplish 
this. The spring causes no part of the motion. The entire movement, includ¬ 
ing the elevator, if used, is self-contained and mounted upon a csst-iron base. 
The framework is securely bolted to the ^rder, making lost motion impossible. 
The wearing parts are made of a hard, chilled iron, the lower box being adjusted 
by one setscrew. The main bearings upon the eccentric shaft are adjusted 
and tightened by means of a setscrew. Ample oil reservoirs are provided on 
all bearings, and the boxes arc constructed grit-proof. 

The newer models of Wilfley tables have an enclosed self-oiling head motion 
with the spring above the toggles. All bearings and moving parts are more 
efficiently lubricated by the continual splash of oil from the moving parts of 
the bead motion while in operation. This new feature reduces the power 
required and lengthens the life of the mechanism. 

The velocity of the table deck varies with the length of stroke and the 
speed of the crankshaft. When the toggles diverge most from a straight 
line, the motion is most rapid; while the motion is slowest when the toggles 
are in a position nearest to a strmght line. The result is that the deck reverses 
its direction with a maximum velocity at one end of the stroke of the pitman 
and with a minimum velocity at the other end of the stroke. It is this quick 
return which causes the progression of the pulp. The table receives an acceler¬ 
ated motion to the right when the pitman rises, and a retarded motion to 
the left when the pitman descends, i his action carries the ore particles from 
left to right, that is, from the mechanism side toward the concentrate side 
of the table. The ideal jerking motion w*ould be uniformly accelerated during 
the forward movement and uniformly retarded during the return. 

The dia^am of this stroke, together with a longer and a shorter one, 
is shown in Fig. 137. 

Considerable variation in the length and energy of the throw can be 
brought about by an adjustable sliding piece F on the abutment which elevates 
or depresses the end of the toggle B. This piece is adjusted by means of a 
handwheel and screw G. When the divergence of the toggles is increased, 
the jerk is longer and stronger, and, when decreased, the throw is shorter and 
weaker, the speed remaining constant. This movement has a life ranging 
from 4 to 5 years of continuous sonnee. 

The speed at which the tables arc run in the mills ranges between a mini¬ 
mum of 150 strokes per minute for very coarse material and a maximum of 
290 strokes per minute for very fine material with an average of about 240. 
The length of throw varies from a minimum of 0.25 inch for very fine material 
to a maximum of 1.25 inches for very coarse material with an average of about 
0.75 inch. The student should observe that the tables are run with the 
shortest throw and maximum speed on fine pulp and with the maximum 
throw and slowest speed on coarse pulp. 

Tilling Frame.—A tilting frame or its equivalent is necessary to vary 
the side slope of the table top to meet the variations in the feed. The deck 
rests on four vertical iron rockers, which stand on two iron tilting beams. 
These beams rest on two iron chairs w'hich are bolted to the supporting beam. 
These tilting beams may be adjusted by a handwheel to any desired slope, 
and the deck slopes with them. As the feed varies, the slope of the deck may 
be adjusted so that the line of separation of the concentrate can be held coinci¬ 
dent with the riffle tip ends. 

V Deck and Rijfles .'—The table deck proper is shown in Fig. 138. It is made 
of narrow strips of redwood, screwed diagonally to a light, strong frame so 
constructed as to prevent as far as possible any warping or bending of the 
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SI 1 rface. It is essential for good work that the treatment surface hold its shape. 
The surface must be one which will have a proper holding action on the miner^s 
and be impervious to water. Linoleum has been fo^d most suitable for this 
purpose and except on very coarse feed has a long life. 



A series of tapered riffle cleats, endi^ along a diagonal line, arc placed upon 
the linoleum surface, forming a combination of a riffled portion and a plain 
surface. The cleats, made of sugar pine, are tacked with small brads to the 



linoleum surface, the longest cleat being along the lower or tailing side extend- 
ing the full length of the table. For ordinary ores this cleat is 0.5 inch high 
by 0.26 inch wide at the mechanism side and tapers uniformly to a feather edge 
at the concentrate side. From this line each succes^ve cleat is spaced evenly 
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at 1.375-incb centers and terminates along a diagonal line, the upper and short¬ 
est cleat being 0.25 by 0.25 inch at the mechanism side and about 4 feet long. 
The table is equipped with 46 cleats of the above varying length and taper. 

When required by the conditions of the ore, the cleats are varied in dimen" 
isions, the coarser the feed the deeper the riffles. The usual limits of variation 
are from the size mentioned for the lower one, 4 inch high by J inch wide, down 
to 0-25 inch high by 0.25 inch wide, getting proportionately thinner as they 
leave the mechanism side of the table, where the upper riffle cleat is 0-25 inch 
high by O.IW inch wide. Th^d«per the riffles the greater their power to retain 
heavy grains; on this account tne lower riffle cleats are often rnade higher 
than the upper, and those betweertare graded from one to the other. The 
taper of the riffles causes a gradual separation of quart* from the heavy mineral, 
which favors clean work, but the concentrate must not be forced to cUmb too 
steep a grade in consequence of this taper, for, if so, the concentrate will form 
a solid bank and refuse to move forward. The deck has a very slight rise from 
the mechanism side to the concentrate side (| inch in 16 feet). For a space 
of 3 inches at the mechanism side there are no riffles and the surface slopes up 
on that side to a height of 0.75 inch, which prevents the formation of any bank 
at that side. The riffles and linoleum have a life of 2 to 4 years in active 
service. 

The riffled portion of the table top forms the roughing plane. The chief 
function of the deep-bed section of this plane is to give capacity by allowing 
the wash water to carry to waste a maximum quantity of gangue. The surface 
between the riffle cleats including the upper and perpendicular edge of each 
cleat serves to support the pulp during its progression while the wash water 
acts on it. Fine particles of concentrate underlying the gangue are thus 
protected by the riffle cleats and travel out to join the main body of concen¬ 
trate. The unriffled surface may be called the "cleaning plane " where the con¬ 
centrate undergoes a final washing before it passes over the concentrate side. 
Some concentrators have no cleaning plane, that is, all the riffles extend to the 
concentrate side of the deck. This usually gives increased capacity. 

Where tapered riffle cleats are tacked upon the plane surface of the lino¬ 
leum, the cleaning plane is no longer in the same plane with the roughing plane, 
but makes a slight angle with it. Virtually, a valley exists between these two 
planes. This valley results in narrowing the fan of concentrate and deepening 
the bank of sand. But the nearer one can get to having the treatment of the 
pulp one grain deep on the riffle cleats, the more perfectly will the grains be 
treated, each according to its own law. On the small 7-foot table used for 
experimental purposes, this banking sometimes becomes so great as seriously to 
impede good work, while this difficulty is so small on the futl-sised tables as to 
be nearly insignificant. When a thiee-mineral separation is to be made, such 
as quartz, sphalerite, and galena, a table, where the cleaning plane and the 
roughing plane are one and the same, will be found to give better satisfaction. 
This is best accomplished by grooving the riffles into the table deck instead of 
tacking on cleats to form riffles. This is also accomplished on concentrators by 
making the deck of tw*o planes with a slight angle between them and a flexible 
joint. In this way the tapered riffle cleats may be tacked upon one plane, and 
the other may be adjusted so as to make a one-plane table, or the smooth 
surface may be elevated somewhat to make a two-plane table of it, obliging the 
concentrate to climb up a slight grade. 

Figure 139 shows a cross section of the square riffles such as are used on a 
Wilfley table deck. It is claimed that the eddy currents formed in washing 
out the waste material tend to disturb stratification which has taken place. 
In order to overcome this tendency the scheme shown in Fig. 140 is favored 
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by some miJImen who say that the cross section of riffles is similar to that of a 
grold pan and that the table acts in a manner analogous to a panning operation 
By allowing the values to stratify and finally to wash off the gangue with¬ 
out disturbing the stratification. A V-shaped riffle is used on some concen¬ 
trators with a fair degree of success. Another method of putting on riffle cleats 
is to have them arranged in groups, each group being separated from the next 
by a higher riffle cleat. This has the effect of flooding the group of riffles 
above it with a comparatively quiet sheet of water and of allowing additional 
stratifications to take place. The author’s investigations indicate that the 
square riffles are as satisfactory as any. 

The Wilfley deck has a rim along the feed and the mechanism sides, but is 
open on the concentrate and the tailing sides. Some concentrators have more 
than one deck on the same jerking mechanism. 

BUvator .—Provision may be made to return middling to the 
same table by means of a small sand wheel, or elevator, driven from the mech¬ 
anism of the table. Usually, though, such products are sent to other machines 
for retreatment. Such an elevator is shown in Fig. 138. 

SeUi^ up arulLewling up Wilfiey Tobies.—Even when mounted on cement 
foundations, it is necessary to level up the tables from time to time. This is 
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best done by susMnding the table 18 inches or so above the rockers. U.^ing a 
spirit level, level the upper ends of the rockers when standing vertically. 
A Wilfley table cannot be properly leveled by adjusting one or two of the 
rockers. 

Feed.—'The pulp is fed to the table W means of a perforated launder extend¬ 
ing along the feed side of the table. The first 4 feet is devoted to pulp feed¬ 
ing, the remainder being utilised as a wash-water distributor. This perforated 
launder is mounted about I inch above the surface of the table on brackets. 
The brackets are attached to the table so that the launder moves with it. 
Variations in feeding or in washing may be made by stopping or by opening 
any one of the numerous perforations in the side of the launder. 

Capadly, Power, Water .—The capacity of a Wilfley table will depend upon 
the length of the stroke, strokes per minute, slope of table, quantity of water, 
character of the ore, sise of the feed, etc. It will vary from 5 tons per 24 hours 
on fine feed to about 50 tons per 24 hours on coarse feed. The water used will 
vary from 22 gallons per minute with the feed and 12 gallons per minute of wash 
water on coarse ore to 10 gallons per minute with the feed and 3 gallons per min¬ 
ute of wash water on fine ore. The average power in mills to drive a Wilfley 
table is about 0.5 to 0.7 horsepower. 

Operating CondiHone .—The bed of p|^p when stratified on the table top 
mnges in depth from 1 grain at its margin on the cleaned-ore plane to a max¬ 
imum depth of 10 to 20 grains in the riffles at a point from 15 to 30 inches 
from the tip ends of the rifflp cleats. 

By reason of having a deep bed where the riffles are deep, two favorable 
c^ditions exist: (1) A gentle agitation can be maintmned between the 
riffle cleats which opens up the deep bed and gives any grains of value enmeshed 
in the upper layers an opportunity to fall into the lower layers; (2) the upper 
layers of clean waste can be readily washed away with the tailing without 
interfering with the progression of the lower layers. 
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The pulp loses the support of the perpendicular edge of each rlfHe cleat 
when it passes beyond the tip end. As soon as this support is lost, the wash 
water carries the waste and a small part of the concentrate to the next lower 
riffle, while the balance of the concentrate, completely cleaned, now advances to 
the plane surface and rides in a bed supported by the diagonally cutoff, riffle- 
cleat tip ends and by the pulp between the tip ends of the riffle cleats. 

As the pulp advances along the riffles, which steadily diminish in depth» 
waste is washed out, This process continues until the bed Incomes so shallow 
near the ends of the riffle cleats that waste cannot longer be washed out without 
carrying values. This shallow area is the medium of transition from the deep 
bed of the roughing plane to the completely cleaned ore in the cleaned-ore 
plane. 

This area of final transition is popularly called the “middling area.” The 
material composing table middling Is a mixed product containing free grains 
of heavy mineral largely in excess of free grains of waste, while included grains 
form a negligible quantity. An impression seems to prevail that all of the 
so-called “middling” returns repeatedly to the table for retreatment. Such 
is not the case. Concentrate constantly comes into the middling area from 
the deep-bed ares, while the same quantity of concentrate is constantly 
passing from the middling area to the cleaned-ore plane. By this process the 
material composing the middling area is undergoing a constant change, and 
but a small part is re*treated. 

The slope of the Wilfley table ranges between 0 and 3 degrees while on a 
great majority of the ores handled by this concentrator a slope of 0.76 to 1.26 
degrees is maintained. A slight variation of this slope entirely changes the 
work of the table. 

The minimum site of material fed to a Wilfley table depends to some extent 
upon the character of the ore. Material as coarse as 4 mesh and as fine as 200 
mesh has been successfully treated. Callow* says that the proper consistency 
of the feed for a Wilfiey table is about 400 grams of solids per gallon of pulp. 
A regular feed of properly crushed and classified pulp with a constant water 
supply are conditions necessary for good work. 

IffVESTioATioN OF WiLFLEY Tajble Wons.—Somo authorities claim that a 
Wilfley table should be fed with natural or mixed feed; others claim that the 
feed should be closely sized; w'hile still others favor classification in a hydraulic 
classifier. To throw' some light upon this controversy the author undertook an 
investigation of Wilfley table work. 

Divifion of Products .—The usual division of products is easily and naturally 
made, as shown in Fig. 141; A being concentrate; B, middling; C, tailing; and 
D, slime. Of these, w'hen natural products are fed, the concentrate A is 
nearly clean heavy mineral, a slight contamination of small grains of quarts 
being present. The middling B carries some large gr^ns and also some small 
grains of heavy mineral. The tailing C carries some very small grains of heavy 
mineral, and the slime D carries very minute grains of heavy mineral. 

The author believed that the small grains of heavy mineral in middling B 
and tailing C were of less diameter than the smallest in the concentrate A 
and of greater diameter than the majority in the slime D and that they belonged 
in middling and tailing from the law of their existence. The rerunning of such 
middling upon the same table is therefore not a wise proceeding, and admissible 
only as an expedient in small establishments when the quantity of middling is 
not sufficient to warrant other provision. So much for the speculation before 
the mvestigation was made. 

Tests .—For the purposes of the tests a laboratory table measuring 2 feet by 
4 feet was used. An artificial mixture of pure white quarts and pure cr 3 rstal- 
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line galenft crushed down to ^oimlUDieter size was used for ore, the proportion 
of galena varying from 10 to 20 per cent. Special sampling devices were 
installed so that a sample of any product could be taken for study. These 
samples were sized, assayed, and examined under the microscope. The 
result of this study is shown in Fig. 142. It is an ideal sketch of the arrange¬ 
ment of grains on a Wilfley table and shows how loss of fine free mineral occurs 
in the tailing and slime. Running from coarse on the lower edge to fine on 
the upper, A, B, C, D, E, G, and H represent the different sizes of galena. 
It appears that they arrange themselves approximately according to this 
order on the Wilfiey table. In like manner tiie quartz grains arrange them¬ 
selves approximately in order of size, beginning at the lower edge with the 
lai^est grain and running smaller and smaller upward, as indicated by the 
letters I, Jj K, Ly M, N,U, and P. The slime at once takes off the galena H 
and the quartz P. These finest of all grains have not sufficient weight to 
hold them up to the upper edge, where mathematical logic would place them. 
They therefore go into the slime. The next grade <? (galena) and 0 (quartz) 
are not fine enough to go into the slime or coarse enough to stand up against 
the water current in the position shown in the sketch. These grains are found, 
therefore, sprinkl^ through the concentrate, middling, and tailing. 

The following conclusions were reached: (1) The natural product as feed 
for a Wilfiey table is completely outclassed and surpassed by sized-product 
feed and by classifier-product feed. (2) Classified fe^ is as advantageous as 
sized feefd for the Wilfiey table, provided the classifier is a thoroughly good one, 
and in case of much middle-weight mineral it is probably more advantageous. 
(3) Film sizing is the fundamental action on the smooth part of the table. 

The results shown by these tests arc borne out in mill practice. In brief, 
mills treating a natural product, or mixed feed, will always get two things: 
( 1 ) middling, which contains large grains of concentrate and some smaller 
grains of gangue; ( 2 ) tailing which has fine free mineral. It is believed by 
the author that feeding with either sized or classified feed prevents these losses. 

Agit<iiion Ratio. —The author also made other tests on the same laboratory 
table to study further the losses and to establish an agitation ratio between 
galena and quartz. The agitation ratio is the ratio of the galena grain of 
"average diameter" to the quartz grain of "average diameter," or vice versa. 
The "average diameter" is calculated as follows: 

Let D'g — average size of a limited range of galena grains, that is, 
the mean of the sizes of the sieves through which it 
has been and on which it rests. 

D'q s average size of a limited range of quartz gradns. 

W'g — weight of galena on a sieve. 

W’q ~ weight of quartz on a sieve. 

Wg — total weight of galena in sample. 

Wq - total weight of quartz in sample. 

Also let ZD'gW’g - sum of the products of D'g and W'g in a sample. 

ZD'qW'q — sum of the products of D'q and TF '7 in a sample. 

Dg 8 "average diameter" of galena grains in a sample. 

Dq 8 **average diameter" of quartz grains in a sample. 

Then 



ZD'gW'g 

Wg 


and Dq = 


ZD'qW'q 

Wg 


Hence the "agitation ratio" 

Dg:Dq • galena: quartz 
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This work brought out the fact that “average"' galena gr«n is much 
larger than the “average" quart* grain in the concentrate, while in the tailing 
the reverse is true. The agitation ratio was figured for a number of samples, 
and the following are given as typical: 


flafDfj* Afiucion ftttio. 

MomACOf^OACtatnt*. l.M W J.OO - g»len* to 

T^b>i£ . 1.00 to I .«5 - to quoxts. 

Tba BdioloM la tb« toUiof ii ia (b« Sm liio* and tbo Iom ui tbo ili«e U froo tbroo to »ib ticoeo w much ao 
io tb« aoad (aiUiiC* 

The Butch art Table. —The Butchart table is of the rectangular type 
and Offers from other tables only in the disposition and design of the riffles. 
The deck surface is plain and entirely covered with riffles, curved as shown in 
Fig. 143. The deck surface is divided into three distinct 2 ones, as follows: 
(1) the stratification *one which consists of the deepest portion of the riffles 
immediately in front of the feedbox; (2) the cleaning sone which consists 
of an area in which the riffles arc bent toward the feed side of the table, this 
deflection in combination «itb the slope of the table producing a current 



14S.—Ploo oi dock of Buicbart table. 


in the riffles which flows in a direction the reverse of that in which the material 
is moved by the impulse of the mechanism; (3) the discharge eone which corre¬ 
sponds to the unriffled portion of the usual type of table. It is supplied with 
riffles of sufficient depth to prevent the drifting of the concentrate across the 
table and to insure a rapid discharge over the end. 

The operation of such a riffle system is as follows: The table being started, 
wash water is aj^lied at the feed side of the table and overflow's successively 
from riffle to riffle, giving a uniform and effective treatment. When feed 
reaches the upper riffles, stratification quickly ensues and the greater portion 
of the concentrate is deposited in the first 15 channels, the remaining mineral 
being caught farther down the table. The impulse of the head motion moves 
the entire mass forward until it reaches the cleaniz^ zone. Here it meets the 
streams of cleaning w*ater flowing in the opposite direction, and the superficial 
layer of sand is washed away, while the concentrate, by reason of its higher 
specific gravity, continues its movement in the riffle toward the concentrate 
side of the table. Since the riffles in the cleaning tone are not parallel with 
the line of table motion, they produce a “side shake" similar to that of a 
vanner resulting in a further stratification and cleaning of the material in 
the riffle. When the concentrate reaches the farther side of the cleaning zone, 
it has been freed of sand and passes along the straight riffles to the discharge 
at the concentrate side of the table. As a result of the continuous removal 
of concentrate, the feed is thoroughly impoverished before reaching the 
middling comer. 
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The advantages claimed for this type of table are as follows; (1) Classifica¬ 
tion is not only unnecessary but detrimental to the work of the table. Only if 
tailing is to be sent directly to waate» a preliminary desliraing is necessary to 
remove all material finer than about 160 mesh. (2) The capacity of the table 
is increased. Loads of 100 to 200 tons of unclassified feed per table per day are 
not uncommon. (3) Material usually considered as jig fe^ may be treated on 
this table. (4) Recovery and grade of concentrate are higher than with the 
ordinary type of table. 

The Deister Table. —The underlying principle of this table is the same as 
the Wilfiey, but the work is accomplbhed in a slightly different way. 



<OHCENTRAliS£N0 

Flo. 144.—CocDparativo diMroai of r««t»ngul«r ond diBRonol dockt. 

It has already been shown how pulp travoreing the deck surface of a concen¬ 
trating table takes an oblique course, the resultant of tw*o forces. Assuming 
the same side tip in all cases, the deeper the riffling the deeper and narrower the 
pulp zone as it traverses the table and the less its angle of obliquity. Shallow 
riffling has exactly the opposite effects, for it permits the pulp to spread out in 
a broad thin zone, la concentrating on a long and narrow rectangular deck, 
the riffling must be relatively deep to confine the operation to the working area 
of the deck and deliver the concentrate at the proper place. The pulp occupies 
a comparatively narrow zone, leaving large unoccupied areas which contribute 
but slightly to the effectiveness of the operation. Figure 144 shows a compari¬ 
son between the ordinary rectangular table and the Deister diagonal-deck table. 
ABDQ is the working area of the rectangular deck, the remmning area being 
simply water-washed linoleum. This deck completes its operation and makes 







FJ!^S‘SAND AATD SLIME GRAVITY CONCENTRATING 


223 


its taiiini on the line BD. It deUvers its concentrate between E and D, and it 
mu^bo heavily riffled to so deliver. The diagonal-deck table, on the other 
hand bas nearly as much working area to the left of the line as has the 
entire rectangular deck, and, after the latter has completed ite owration, 
the diagonal-deck table has the additional working area BDF. Its d^hvery of 
concentrate is between D and some 4 or 5 feet farther to the ngbt. Ine 
disposition of the deck area of ibis table is such as to take the greatot possible 
advantage of the natural oblique flow of the pulp. Shallower nffl« can be 
used, and the pulp spreads out in a thin sone. The form of the table also makes 
ttossible the utilisation of a greater number of riffles. The following advan¬ 
tages are clmmed for this type of table: (1) a higher extracrion of values, 
(2) a much higher grade concentrate, (3) greater capacity, and (4) a minimum 
quantity of middUng. The details of general construction are much the same 
as those given for the Wilfley table. . 

Tablino in Modern Mills. —Tabling, like other^ gravity concentration 
methods, is mainly suitable for concentrating ores in which the valuable 
minerals are reasonably well liberated from waste without requiring gnndmg, 
or possibly requiring only coarse grinding. Where applicable, table separation 
is usually cheaper than flotation because of the expense of fine grinding which 
is necessarily incurred with flotation. Tables are used widely on lead-smc 
ores. They may be preceded in the flow sheet by coarse-sand concentration 
with jigs and followed by flotation of fines, or all the ore may be crushed to 
tabling size and the fines and reground middling products fed to flotation- 
Practice varies somewhat in various lead and sine districts in regard to the 
function of tabling, as is exemplified by mill flow' sheets of the southeast 
Missouri, Tri-state, and Coeur d’Alene districts, respectively. 

In gold mills gravity concentration by tables has played an important 
part, for example, in the old standard stamp-mill—amalgamation—tabling 
combination, but later developments in «)ld-recovery methods have con¬ 
siderably reduced the use of tables. Tabl« are suited for recovery of free 
gold from grinfflng circuits and have been so used in some cases. 

Tabling of flotation concentrates to separate two concentrate constituents 
has found occasional use. A typical example of this use is the separation 
of galena from sphalerite in flotation concentrates. Selective flotation has 
largely eliminated the necessity for such a procedure, however. 

Pilot tables are not used for concentration ordinarily but afford the operator 
a quick visual means of checking on the work of flotation or other processes. 
They may be fed with flotation concentrate or tilings or placed elsewhere 
in the flow sheet. The material is spread out so that the different mineral 
constituents are readily recogruzed and estimated, giving the operator a good 
idea of the work he is doing. The pilot table need only take a fraction of the 
total ore flow, and hence tl^ use does not require a large installation of tables, 
one table frequently being sufficient. 

In spite of the general adoption of flotation, tables continue to find other 
uses, because within their correct field of operation they are very efficient 
machines. Details of other applications will not be added at this point, except 
to say that tables at the present time also find considerable use in the separa¬ 
tion of nonmetallic minerals. 

Operating Data and Costs on Jerking Tables. —A company operating 
in Alaska on a gold ore reports the follow'ing. The ore is a slate with gold- 
bearing quartz stringers distributed through it. Associated with the quartz 
are pyrite, pyrrhotite and galena. The plant has a capacity of over 5000 tons 
per day. 
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These tables make a tailing, a middling, an iron concentrate, and a lead 
concentrate. The tailing goes to waste; aSl other products are given further 
treatment. 


A southeast Missouri lead mill using tabling and dotation reports the 
following data. The mill feed contuns approximately 3.4 per cent load as 
galena disseminated in a gangue of dolomitic limestone. The capacity of the 
mill is 5000 tons per 24 hours. Mill feed crushed through 7 millimeters is 
classified in a bindered^ttling classifier, and the spi^t discharges are sepa* 
rately tabled. Screen analyses of the respecUve t^le feeds have already 
been given in Table 37 in Chapter X. 
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VANNER8 


A vanner does its work on the upper surface of an endless belt which is 
.^lightly inclined from the horizontal and receives a rapid shake in the plane 
of the belt for stratifying the pulp. This agitation makes the bed so loose 
that minerals of higher specific gravity can settle to the lower layer, while 
those of lower specific gravity rise to the upper layer. A continuous slow 
movement of the belt up the slope drags the heavy mineral to the upper end, 
while the wash and feed water running down the slope washes the light min¬ 
eral to the lower or tailing end. 

There are four classes of vanners. The importance Is about in the order 
shown: (1) the side shake, which vibrates at light angles to the direction in 
which the belt traveb; (2) the end shake, which vibrates parallel with the 
direction in which the belt travels; (3) tipping, or undulating, motion at right 
angles to the direction in which the belt travels; and (4) gyrating in the plane 
of the belt. The end-shake, undulating, and gyrating vanners are seldom used 
today. 

SiDB-SHAKE Vanners. —The Frue vanner, shown in Fig. 145, is the best 
known type of vanner. The belt E and its supporting pulleys and the shaking 
frame F are vibrat^ on toggles V in a horizontal plane at right angles to the 
<^rection of travel of the belt, l^e belt is supported by the large head- 
and tail-end rollers and by 12 small rollers i), all mounted on the shaking frame. 
The small rollers are spaced 12 inches apart, except the 4 upper rollers, which 
are set closer in order to make a smoother plane where the final cleaning is 
done. The cloning plane is that portion of the belt surface that is tangent 
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to the head roller and to the 3 litUe rollers below it. With a 

has a slope which is steeper by J inch in its length of 25 

centrativ^ plane, which is tangent to the tail-end roller and the 10 little 

above it. The speed of the vanner belt is regulated by the cone pulley / 

which transmits motion to the head roller A i, through the belt W , the worm 




Fio. 146.—Prue ▼ano^r. 


shaft K, the worm Z, the worm wheel L, the crank (21), and the spiral spring 
connecting rod M. The slope is adjusted by the wedges (13). The belt is 
kept running straight by changing the angle of the shaft of the tighteninK and 
guide roller C. 

Starting from the tail roller A* the endless belt moves slowly up over the 
little rollers of the concentrating plane, receiving its pulp from (1); then passes 














































Fio. 147.~FraRie of Jotmiton tipping or undulating Tanner. 

been tned. It is cheaper but has a very short Life. With proper care rubber 
belts last from 3 to 5 years. 

Tipping, or Undulating, Vanners. —The chief difference between these 
vanners and the ordinary side-shake vanners is that, instead of a horizontal 
side shake, they have an undulating motion imparted to the shaking frame, 
which is designed to prevent the sands from piling up against the edges of the 
belt. This vanner is shown without the belt in Fig. 147. 

Comparison of Side-shake and Ekd-srake Vanners. —There is a 
marked difference in the manner in which the concentrate is carried up past 
the pulp distributors on the two styles of machines. The pulp streams from the 
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Up over the rollers of the cleaning plane, under the water distributor (2), 
over the head roller A i and down into the lank (4), where tlie belt is immersed 
by the roller B to remove the adhering concentrate. It receives a final cleans¬ 
ing from the spray pipes (22) and (23), then passes over the tightening roller C, 
^d returns beneath the tail roller -4* to repeat these operations. The tailing 
is carried down the slope of the belt by the water current and dischanted 
to the apron (24) and the waste trough (8). The wash water (2), the quantity 
of which should be kept at a minimum, is used to remove the last of tlio quartz 
from the concentrate. The wash water also keeps the ore had on the cleaning 


Fjo. mo.—V gAMr belt. 

plane thoroughly wetted. If points or fingers of ore form, with crests uncovered 
by water, ore will float off by greasy flotation and pass into the tailing. 

Vanner Belts. —These are made of two-ply rubber (about 0.176 inch 
thick) and have flanges on the edge to confine the pulp. Figure 146 shows a 
section of vanner belt with its flanges- The belts arc 4 or 6 feet wide, and the 
length of the concentrating, or cleaning, .surface is 12 feet. The belt generally 
has a smooth surface, but corrugated belts have been used. The finest sizes 
of corrugations appear to be best because they carry less tailing into the con¬ 
centrate. Other modifications such as a pitted surface and various combina¬ 
tions of smooth and corrugated surfaces have also been tried. Canvas has 
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distributor agitate the concentrate as the streams fall upon the belt. The 
side shake causes these streams to waggle so much that they more or lew 
disturb the concentrate as the latter passes the distnbutor and wash water. 
The side shake removes the finest grains and -sends them back down the belt 
for retreatment. The end-shake vanners give an endwise waggle to the pulp 
streams, so that the concentrate is less disturbed when pa.ssmg up by the 
distributor. It follows then that less quarts will be washed out, and the con¬ 
centrate is likely to be dirtier in this type of vanner. Another disadvantage 
of the side-shake machines is the formation of banks and gutters at the edges of 
the belts. The undulating and end-shake vanners almost entirely avoid this 
formation so that all parts of the belt receive the same treatment. 

Operation or Vanners. —The maximum size of grain fed to vanners ranges 
from 0.41 to M3 millimeters, the most common site being about 0.75 milli¬ 
meter Callow says that the proper consittency of a vanner pulp is from 800 
to 900 grams of solids per gallon of pulp. Pulp may be fed to vanners directly 
from a stamp mill but usually the vanner, when used in the past, has treated 
fine sand from a classifier, the feed being original ore or rcground middling. 

The number of vibralione per minute i^ill vary from 120 to 280. If a high 
speed is adopted, a small throw is necessary to prevent injury to the machine 
and to allow the concentrate time to settle. If a low speed is adopted, a long 
throw U necessary in order to soften the pulp and allow the gangue to rise to 
the upper layer. The amount of throw will vary from 0.50 to 2.0 inches with 
1 inch as about the average. 

The iravel of the belt is the adjustment on which the operator ebiony relies 
for regulating the vanner. It will vary from 22 to SO inches per minute. No 
specific statement can be made, for the character and fineness of the ore will 
affect this adjustment most. If it is too rapid, tailing will be carried into the 
concentrate; and if too slow, concentrate will he washed into the tailing. 

The elope of the belt n-ill vary from 2 to 8 inches in 12 feet. If too steep, it 
sends valuable mineral into the tailing; if too fiat, it not only tends to make the 
bed too thick but it also sends gangue into the concentrate. 

No definite figure can be mven for the quantity of ixater to be used. Clayey, 
talcose ores must he more dilute than clean ores, and coarse feed requires more 
water than ^e. Too much water washes valuable mineral into the tailing 
and too little gives dirty concentrate. 

Travel, elope, and pulp water depend upon one another and must therefore 
be discussed together. To carry off quarts more rapidly toward the tail of 
the machine, we may decrease the travel, increa.se the slope, or increase the 
pulp water. Conversely, to carry pyrite more rapidly toward the head of the 
machine, we may increase the speed of travel, decrease the slope, or decrease 
the pulp water. Two or even all three of these adj ustments may be changed at 
the same time. 

In regard to slope and travel, it will generally be found that, with other 
conditions remaining the same, steep slope needs a high speed of travel, and 
gentle slope needs a slow spe^. A corrugated belt requires a steeper slope 
than a smooth belt. 

There are three chief qualities of pulp which will call for variation in the 
slope and travel. They are specific gravity of the concentrate and of the tail¬ 
ing, relative quantities of concentrate and of tailing, and the size of the grains. 
If the concentrate is of low specific gra\ity, it may need more rapid travel or 
gentler slope, or both, than when it is of high specific gravity. If the tailing 
IS of high specific gravity, it will probably need steeper slope or slower travel, 
or both, than would be the case with tailing of lower specific gravity. If the 
percentage of concentrate is large, a quick travel must be u$e<l to prevent 
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the sheet of concentrate from being abnormally thick, because a thick sheet of 
concentrate wiU entangle much quartz. A steep slope will then be needed to 
take away the quartz. If these changes are not made and the machine is run 
normally, the quantity of feed will have to be less than it would be if it con¬ 
tained a smaller percentage of concentrate. Very fine pulp will be treated 
TOst with steep slope and rapid travel, and with but little water in the pulp. 
* author's opinion (although positive data are not 

at hand), be best treated with gentle slope, and with this it may be found best 
to UM a large quantity of water and slow vibrations of very long throw. This 
combination may cause the pulp to slop over the flanges of a side-shake 
^*id therefore be available only on end-shake vanners. 

The proper quantity of water in the pulp varies inversely with the slope 
and directly with the travel. Where the slope is steep or the travel is slow 
the quantity of pulp water must be low to prevent loss in tailing; and where 
the slope is gentle or the travel is fast, the pulp water should be in larger 
quantity m order to make clean concentrate and to prevent the bed from 
becoming too thick and forming side banks. Practical details are shown in 
labic 51. 


TABLE 51.—OPERATING CONDITIONS AND DETAILS OP VANNERS IN VARIOUS MILLS 
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The bed of pulp on the belt, when a vanner is running properly, will be graded 
in richness from the head to the tcul end, the concentrate being nearly free 
from gangue, the tailing nearly free from concentrate. Four or flve per cent of 
quartz is commonly allowed to go into the concentrate to prevent the tailing 
from carrying off too much value. The great length of the concentrating plane 
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is rrovided because the removal of the heavy mineral from the gangue takes 
eradually. The author is of the opinion that an ortoary pracUce the 
best thickness of the bed from the puJp distributor to the tail roller is from 0.16 
to 0 20 inch over the little rollers; and he believes it should never be more than 
0 25 inch thick. It will, of course, be somewhat thicker between adjacent 
rollers. If the bed is too thick, it will “felt" (form a peculiar Imrd cake), 
which prevents the separation of the minerals. With a thick ^ in the ca^ 
of fine pulp, a side-shake vanner may set up waves from each side of the belt, 
and if these opposite sets of waves happen to coincide, they will produce 
lonptudinal banks and gutters all the way across the belt. Good separation 
cannot made in these banks, while in the gutters there will be rapid currents 
that will tend to carry concentrate into the tailing. 

The number of grains in the depth of the ore bed is important. A bed 
0.2 inch thick, with grains 0-02 inch (0.5 millimeter) in diameter, is 10 grains 
deep and permits easy separation. If it were 0.5 inch thick, it would be 25 

S ains deep, and the work of separation difficult It is evident, then, that the 
er the pulp the thinner should be the bed. 

Capacity ajjd Power.— The capacity of a vanner will vary from 4 to 18 
tons per 24 hours. It will be affected by width of belt, character and fineness 
of the ore, belt travel, vibrations, etc. An ore with a large percentage of con¬ 
centrate must not be fed so fast as one that contains less. Very fine ore must be 
treated more slowly than coarse ore. Corrugated belts have a greater capacity 
than smooth belts. 

The horsepower is dependent more upon the type of vanner and the effi¬ 
ciency of the mechanism than upon the actual load of ore on the machine. The 
power consumption varies from about 0.44 horsepower up to 0.90 horsepower. 

Tbe Principle op Vanner Separation. —The principles involved in 
stratification in a vanner bed have never been thoroughly studied. It is 
known that the tailings contain vexy fine parUcles of tbe heavy concentrates. 
Hindered settling is apparently not tbe sole action, but, just as in hindered 
settling, a definite ratio is believed to exist between the diameters of the light 
and heavy minerals which become located in tbe same stratum of the vanner 
bed as a result of agitation. Tbe author has proposed the term “agitation 
ratio" for this sise relationship. In one particular mill where the vanners 
were well run, the maximum grains of quarts in tbe vanner tailings w*ere 0.427 
millimeter in diameter and the maximum grains of pyrite were 0.040 millimeter. 
This gave an agitation ratio of quarts to pyrite of 0.427 to 0.040 or 10.7 to 1. 

Field of Vannere. —It has always b^n held that a vanner could treat a 
natural feed of fine sand and slime more efficiently than any other single 
machine. Tbe maximum sise of feed for vanners is about 1 millimeter. The 
Wilfley table can treat material considerably finer than this just as efficiently 
and more cheaply than vanners. Finer material formerly sent to vanners now 
goes to flotation. The result is that, between the Wilfley table and flotation, 
the field of vanners has been reduced very nearly to the vanishing point, At 

£ resent, vanners are not much used except for treating ores not amenable to 
otation. 


REVOLVINO CYLINDRICAL RIFFLE CONCENTRATORS 

The Johnson Concentrator, devised by E. H. Johnson, is used in several 
South African gold mills for separation of gold-bearing pyrite and free gold 
from the ore. As shown in Fig. 148, this machine consists of a slightly inclined 
rotating drum 12 feet long by 3 feet in diameter, witi a special rubber lining 
having riffles or grooves arranged as in tbe rifling of a gun, so that the feed 
end of a riffle is slightly ahead of tbe tail end. The concentrate of heavy 
Bulpludes and gold is collected in the riffles, carried up by the rotation of the 
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drum, washed by a light spray, and sprayed off the rubber at the top into a 
stationary launder passing through the cylinder, while the tailings flow on 
down the slope in the bottom of the cylinder and out. 

Operatinq Data. —The cylinder is set at a slope of about J inch per foot 
and makes 7 revolutions per minute. Power required is about J horsepower. 

It is reported that this machine used on the Rand for treating tube-mill 
discharge recovers approximately 44 per cent of the pyrite and 55 per cent 
of the gold with a concentration ratio of 12.5 to 1. Free gold is recovered 
from the concentrate by passing it over corduroy, and the remaining part of 
the concentrate is separately reground and added to the main pulp stream 
to be cyanided. This procedure of wparately grinding the sulphide portion 
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Flo. HS.—Johnson centhfufftl riffie concentrator. 


of the ore much finer than the siliceous portion is an important factor in 
improving subsequent cyanide recovery and in reducing over-all grinding costs. 


REVOLVING, CIRCULAR, CONVEX SLIME TABLES 

These resemble the fixed round tables, mentioned previously in this chapter, 
except that the table re^'oK'es and the washing sprays are stationary. They 
have the form of a very much flattened cone with its axis vertical and its 
center higher than its margin. Pulp is fed over a portion of the surface on the 
pulp, or sand, side of the table near the center. As it flows down the slope, 
it spreads out, and the film becomes thinner, loses carrying power, and increases 
in settling power. The revolution of the table continually carries the pulp 
round past a series of clean-w'ater distributors, on the washing side, which 
wash and remove the different products most advantageously as to place, 
time, and manner, the different products being caught in separate launders 
around the circumference. 

Flotation is so much more efficient for treating slimes that round tables 
find no place today except occasionally on ores not amenable to flotation, 
the best example being the cas.'siterite tin ore.'$ of Cornwall and Bolivia. If 
the reader i.s interested in further details of the development and operation of 
variou-s tyxKJs of slime tables the subject is fully discussed in Transactions oj 
the American Insiilule of Mining and Metallurgical EngineerSy vol. 46, page 338- 

Hound tables, in general, make separations based on the principle of film 
sising only, other concentrating principles ha%'ing very little or no importance. 
It is obvious that the best feed is either a fine spigot product or the overflow 
product of a classifier, because in such products the light waste particles are 
larger than the heavy valuable particles and this favors the washing of waste 
tailings ahead of the concentrates by the film-sizing action of the water on the 
table surface. 
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Operation op Circular Slims Tablss. —The slope of the tables vanes 
from 3 to 7 degrees. Fine pulp requires a steep slope with little water; coarse 
pulp, a geutle slope with much water. The density of the pulp varies from 5 to 
1$ per cent of solids. 

The following surfaces have been used: softwood, cement, rubber, linowum, 
and canvas. The smoother a surface the less the particles are inclined to roll, 
and the less will be the retardation of the undercurrent {due to fnction). 
Wood has a slight roughness which inclines the grmns to roll and diminishes the 
speed of the undercurrent. A cement surface does the same to a greater extent 
needs a steeper slope in consequence. Rubber probably diminishes the 
undercurrent and linoleum perhaps even more. Canvas gives the greatest 
drag on the undercurrent of any of the materials used. 

The speed of revolution varies from 1 revolution in 41 seconds to 1 revo¬ 
lution in 155 seconds. The speed naturally controls the amount of wash¬ 
ing that is done. Thicker pulp requires faster spe^ than thinner to avoid too 
heavy an accumulation upon the surface; larger grains require faster speed than 
sm^er, and steeper slope requires faster sp^ than gentler, other things being 

^^The tables range from 10 to 30 feet in diameter, the usual size being from 16 
to IS Since the thickness of the water film diminishes as it approaches 
the aiATfdn of the table and since this method of concentration requires a 
limited thickness of film, it follows that convex tables can treat pulp only for 
a limited radisJ distance without having the film too thick at the start or too 
thin at the end. The real work of separation is done on the 3 or 4 feet of 
radius next to the circumference. The larger the diameter the greater will be 
the capacity of the table, but the greater al^ will be the central area on which 
no concentration takes place. 

The capacity of a round table depends on the variou.s con.slderations just 
outlined. The following capacities are of tables formerly operating on Lake 
Superior copper slime: 


'••err. P««c. 

Tp(u p«r 84 Hour*. 

ISO 

14.0 U Ift.O 

17.ft 

IJ.ft t»88.0 

II.0 

11,0 to 80.0 

tt.O 

18,0 to 18.0 


The author believes that 12 to 15 tons in 24 hours, depending on the size of 
grains, is a suitable feed to IS-foot slime tables. 

Thb Anaconda Round Table. —A series of careful tests at Great Falls, 
Montana, on a canvas-covered round table, based on the principle of Q. G. 
Gates’s canvas plant at the Kennedy Mill, Jackson County, California, resulted 
in the installation of special 20-deck round tables at Anaconda. This table 
differed from all other round tables in three particulars: (1) It used a fine feed, 
0.07 millimeter maximum; (2) it revolved slowly, one revolution in 3 minutes; 
and (3) it had a rough surface obtained by using a mixture of coarse sand and 
cement for the table tops. To save floor space the installation of 400 tables 
was made in 20 tiers of 20 $uperimp>o$ed tables each, each tier mounted in a 
single revolving frame. The feed to the tables bad previously gone to waste 
in the tmling, and the copper in it would not have l^n saved by any of the 
regulation round tables previously used in the mills of the United States. 

The tables, it is said, saved gold, silver, and copper to a value of $1,250,000 
per year for the time they were ua^, at a cost of $300,000 for the complete 
plant. The tables are described in Transactions of the American Institute of 
Mining and Metallurgical Ejigineers^ vol. 46, page 260. The development of 
oil flotation forced these tables out, for with tables the treatment costs were 
higher and the recovery lower than with flotation. 



CHAPTER XIII 
FLOTATION 
General 

Flotation is defined in the dictionary as the act, process, or state of floatirje. 
in ore aressmg, flotation is a process by means of which particles of different 
minerals are separated from each other by floating certain of the minerals at 
or on a wa^r surface. A state of flotation of mineral particles heavier than 
water is maintained by the action of surface-tension forces whose values depend 
on the nature of the mineral particle surface or more specifically on the relative 
nonwettahility of the particles by water. WclUble particles do not float but 
tend to cover themselves completely with water and sink into a water phase 
^veral processes based on these principles have been devised, but the process 
nret known as froth notation is the present ultimate development of them 
all; and hereafter, in keeping with common us*^, the term “flotation” will 
denote froth flotation, unless otherwise specified. 

The phenomena specifically underlying the present process of froth flotation 
are the following: If air bubbles are introduced into a properly prepared pulp 
or suspension of finely pulverised ore in water, particles of certain minerals 
will adhere to the bubbles, w'hereas particles of the other minerals will not 
show this tendency and will remain separately suspended in the water. The 
air bubbles in rising out of the pulp carry with them particles of the one mineral 
or group of minerals, forming a mineralised froth layer which may be removed 
as a concentrate by suitable mechanical meana. 

The floalability of any given mineral is determined by the tendency of 
particles of that mineral to adhere to air bubbles, which in turn is primarily 
dependent on the properties of the mineral surface. Specific gravity and 
other purely physical properties of the bulk mineral play little part in flotation 
separations- The natures of the various other surfaces or interfaces in the 
flotation system, for example, the air-water interface, also have a direct 
bearing on the effectiveness of the separation. Surface properties are con¬ 
trolled and varied in flotation processes to achieve a great variety of sepa¬ 
rations by the discriminate use of \'arious types of chemicals as flotation 
reagents. Depending upon the ore, one, two, three, or even more distinct 
commercial products may be made. 

Bulk flotation involves the fiotation from the ore of a single rough con¬ 
centrate containing a group of valuable minerals of the ore, often together 
with certain worthless minerals of similar flotation properties, Differential 
flotation involves the more refined separation of minerals of similar flotation 
properties from each other, giving a product or number of products, each of 
which contains in so far as po&«ible one mineral or only minerals whose presence 
together is commercially desirable. 

Flotation is the best, and almost universally used, ore-dressing process for 
the concentration of finely ground ores where particle size is smaller than 
100 or 150 microns. The majority of ores mined at the present time require 
fine grinding for high de^ee of liberation of valuable minerab, and thus 
flotation becomes automatically the only possible means of high recovery of 
the values as high-grade concentrates. On some types of ores, particularly 
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certain complex ores, flotation is also the only method of concentration that 
can make a commercially satisfactory separation of the ore constituents from 
one another. Occasionally it has b^n found that even though other con¬ 
centration processes may accomplish satisfactory commercial separations, the 
substitution of flotation may afford some advantages, particularly on low- 
irrade or refractory ores. 

At the present time flotation is the predominating process for the concen¬ 
tration of the metallic sulphide minerals, to which it was originally applied. 
It has become important in the treatment of other metallic ores, especially 
oxidised ores of lead and copper and native ores of copper and gold. In the 
concentration of nonmetallic minerals the number of commercial applic.^tions 
is increasing rapidly. 

Historical DevELOPUENT or Flotation 

The early history of flotation is so mixed up with myth and legend, and the 
later history so complicated with litigation between rival claimants, that it is 
difiBcuit to trace the true development of the modem process. There Is good 
evidence that the ancient peoples used oil and pitch for collecting minerals, 
and undoubtedly phenomena underlying flotation were observed accidentally 
around mining camps with little or no recognition of their possible practical 
application until relatively recent tiroes. 

The first recorded patent for an ore-dressing process even remotely similar 
to fiotation was taken out in 1860 in England by William Haynes. He found 
that on mixing certain fats or oils with powdered ore, the sulphide mineral 
particles showed a marked affinity for the oil, but the other ore constituents 
did not show this affinity and could be removed by washing the oil-ore mixture 
with water. In 1886 an American woman, Mrs. Carrie Everson, patented a 
process for mixing pulverised ore with various fats or oils and certain acids 
or salts, and for water separation of the oiled sulphides from gangue by appro- 

E triate means. This patent mentions the discovery that by proper manipu- 
stion the oiled sulphides could be floated away from the gangue particles. 
However, no successful commercial process was worked out using these dis¬ 
coveries until 1898, when F. £. Elmore patented a bulk-oil flotation" process 
and applied it to the concentration of a gold-bearing chalcopyrite ore. In 
bulk-oil flotation the separation of the oils carrying the sulphides from the 
remwing material made use of the buoyancy of the large amount of oil used. 
The possibilities of using gas bubbles to increase the lifting power of the oil 
apparently were not recognised at that time. 

The use of gas bubbles, produced by reaction of hot acidified solution 
with the ore minerals and with specifically added gas-producing substances, 
was introduced by C. V. Potter and by G. 0. Delprat in 1902. A^ut the 
same time A. Froment recognised the advantage of using gas bubbles in an 
oiled pulp, utilizing the selective action of the oil for the sulphides and the 
selective action of the gas for oiled particles at the same time. Froment^s 
patent was acquired by Minerals Separation, Ltd., an English organization 
which played an important role in the subsequent development of oil flotation. 

During about the same period as that of the early development of oil 
flotation, another interesting and perUnent principle was also being worked 
out, that of skin flotation. In 1885 Bradford patented a process based on the 
fact that certain minerals in a fine state of division tended to float on the 
surface of water. This principle was applied in processes and apparatus 
invented by Nibelius (1892), Macquisten (1907), DeBavay (1907), Wood 
(1914), and others. Skin-flotation processes were never very extensively 



234 


TEXTBOOK OF ORE DRESSING 


operated, but the uuderlying idea of making a separation based on surface- 
tension relations is fundamental in present flotation methods. 

. T.!?® vacuum process, patented by F. E. Elmore in 1904, was 

mailed and operated successfully in a number of plants for a few years. 
This was carri^ out as a continuous process in an enclosed apparatus by 
means of which gas bubbles were produced in an oiled pulp by creating a 
partial vacuum over the pulp. The reduction of pressure served to release 
dissolved dXr and other gases from the pulp, and the bubbles attached them¬ 
selves to the oiled sulphides and carried them upward to the surface. 

The early development of the froth-flotation process is largely covered 
by the actinties of Minerals Separation, Ltd., a company form^ in I^ondon 
in 1903 to take over the development of bulk-oil separation processes. Imme¬ 
diately after its o^amaation its metallurgists starW work based on Froment’s 
patent and on the Cattermole patent (1903). In the process invented by 
Cattermole, oil and soap were gently agitated with the ore pulp to coagulate 
or agglomerate the sulphide particles in relatively large heavy granules, whicli 
were subsequently separated from the slower settling unagglomerated gangue 
by simple water classification. The work of two of the Minerals ^paration 
metallurgists, Sulman and Picard, led to the evolution of the agitation-froth 
process. The basic froth patent of Minerals Separation, Ltd., taken out in 
1905, specified as conditions for flotation the addition of a fraction of 1 per 
cent oil per ton of ore and violent agitation. The period following the intro¬ 
duction of froth flotation into the United States about 1912 was characterised 
by extensive and bitter litigation between the Minerals Separation North 
American Corporation and the Butte and Superior Copper Company. During 
the early patent litigation J. M. Callow developed and patented (1914) a 
pneumatic flotation process which was adopted by the Miami Copper Com¬ 
pany. Minerals Separation brought suit against this company and other 
large companies refusing to pay royalties. The Minerals Separation basic 
patent expired in 1923, but notation litigation of one kind and another bos 
been IQ the courts right up to the present time. 

From the time of its introduction up until about 1924 the main application 
of the oil-froth process coatisted in bulk flotation in acid circuit of sulphides 
from the slimes produced in crushing for grasniy concentration. In 1921 
Perkins patented the use of certain types of oi^nic compounds as collectors.*’ 
In 1924 Keller patented the use of xanthates. With the further discoveries of 
the value of organic and inorganic chemicals as flotation reagents, the process 
in a relatively short time underwent a considerable change. Improved results 
made it advantageous to replace combined gravity-flotation flow sheets by 
fine-grinding and all-flotation flow* sheets. Bulk flotation in acid circuits gave 
way to differential flotation in alkaline circuits. Thus the period of oil nota¬ 
tion ended and the present period of chemical flotation began. 

Theoretical Basis op Flotation 

The early development of the flotation process was accomplished almost 
entirely by purely experimental and practical methods, as the knowle^e of 
(he fundamental scientific principles involved was very limited. In recent 
years, how'cver, major developments in the theoretical understanding of the 
principles basic to the process h^ve played a role of constantly increasing 
importance in its further expansion and improvement. It is significant that 
the important phenomena of flotation are of a physical-chemicaJ or colloid- 
chemical nature, specifically surface phenomena, and accordin^y the amounts 
of chemicals involved are so minute that the technique available for their 
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Study is somewhat limited, requiring highly speciahied chemical training for 

Fo^''th«retical discussion, the flotation operation may 
subdivided into three parts, namely, (1) froth formation, (2) ch^ical treat¬ 
ment of ore minerals, and (3) formation and leviUtion of bubble-mineral 

FoRBiATiOJT.—The mechanism of frothing is now relatively well 
understood. Froths are coarse dispersions of air in water, possessing a certain 
amount of structural stabiUty. The dispersion of air in water may be accom- 
oiished by mechanical agitation, by pneumatic devices, or by both combinea. 
The properties of a froth, such as its sUbility, elasticity, bubble size, copious¬ 
ness etc., are determined by the presence of small amounts of so-c^led sur¬ 
face-active'' or "capillary-active" substances in the water. Surfaco-active 
substances are those substances which, dissolved in water In small quantities, 
will change the surface tension of the water from its normal value. It na.s 
been shown that such substances are adsorbed or concentrated at the surface 
of the water phase. The presence of these adsorbed substances at the air- 
water surfaces in a froth imparts to the froth a stability and elasticity which 
make it suitable for flotation; hence they are known as "frothing agents. 
Without them the froth bubbles would 
break immediately. 

Cross sections of simple froth structures 
are shown in Figs. 149a and 1496. In Fig. 

149a the air bubbles are spherical in shape, 
separated from each other by water layers 
of varying thickness. Such a structure is 
shown by small-bubbled less-persistent 
froths of high water content. Figure 1496 

shows the contrasting structure of the dry, stable, coarse-bubbled froth fre¬ 
quently obtained in sulphide mineral floUtion. The bubbles are roughly 
polyhedral in shape, separated by tbin water walls of relatively uniform 
thickness. .... 

The froth structure in the flotation system also includes mineral particles 
attached at the mr-bubble water-wall interfaces. Attachment mechanism 
will be discussed later. The presence of such finely divided solids at the sur¬ 
face increases the stability of the .structure. A certmn amount of solid particles 
is mechanically included within the water walls; this partially accounts for the 
presence of non floatable gao^e minerals in the froth. 

Small quantities of oils, if introduced in flotation, will concentrate as film.s 
at the bubble surfaces and increase the froth stability. They are added for 
this purpose in a few cases. 

Chemical Tbeatmekt op Minerals. —The object of chemical treatment 
is, broa^y spealdng, to make the desired minerals floatable and to insure that 
the remaining minerals are nonfloatable. In general, as mentioned previously, 
the floatability of a mineral is measured by its non wettability by water. It 
has b^n shown ^at non wettability is a function only of the nature and prop¬ 
erties of the surface molecules of the solid, or more speciflcally of the polarity 
or nonpolarity of the surface molecules. Polar molecules or molecular groups 
may be structurally considered as being made up of ions, whereas nonpolar 
molecules or molecular groups may, in contrast, be considered as being made 
up of atoms with no evidence of any electrical structural arrangements. For 
example sodium chloride is polar; paraffin hydrocarbons (CnHsn^i) are non¬ 
polar. Minerals with polar surfaces are wettable and thus nonfloatable; 
minerals with nonpolar surfaces are nonwettable and floatable. 


a.—Wot froth. S.^Dry froth. 

Fio. Hd.—Froth tiruoturoa. 
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From & physical-chemical viewpoint, the nature of any surface or interface 
IS expressed by means of the surface free ener^, or dmply the surface energy, 
quantitatively expressed in terms of energy units (ergs) per unit of area (square 
centimeters). Not only air-water surfaces, but solid-water, air-solid, and all 
other phase-boundary surfaces have surface energy. Surface energy is 
numerically equal to surface tension in force units (dynes) per unit of length 
(centimeter). Hereafter the concept of surface tension will ^ used exclusively 
to give a simpler physical picture, even though in tbe case of solid surfaces, 
surface-tension effects are not observed and measured directly as with 
liquids. 

A numl«r of theories have been advanced from time to time to explain 
the mechamsm of the action of dissolved flotation regents on mineral surfaces. 
At this time no complete agreement has been reached, although many of the 
proposed explanations have been rejected. It is evident that dissolved 
chemicals change the cheimc^ nature of the surface, but as to the way they 
do this, there are two possibilities: (1) Reagent molecules or ionic groups may 
form monomolecular or partial-monomolecular films at the scud surface, 
held by inceratomic forces of a chemical nature. Such a mechanism has been 
called “chemical adsorption.” (2) The reagent may react to form a surface 
coating of some insoluble compound, an actual new solid phase several molecular 
layers in thickness. This type of mechanism is called ‘'chemical reaction.” 
There is evidence that both adsorption and chemical reaction do occur with 
fiotation reagents. 

Formation op Bobble-uineral Complexes. —In tbe flotation system 
mineral particles are given ample opportunity to come into contact with the 
air bubbles dispersed throughout the pulp and froth. Each floatable or non- 
wettable particle tends to b^me attached to a bubble surface with one part 
in contact with tbe air phase and tbe remaining part in contact with the water 

phase. Thus there will be a line around 
the particle at which the three surfaces, air- 
water, air-solid, and water-solid, intersect. 
On this three-phase boundary line, tho sur¬ 
face tensions of the three surfaces may be 
considered as forces in equilibrium with 
each other and with the other forces acting 
on tbe particle and 'the bubble, such as 
force of gravity, buoyancy, etc. Under 
proper flotative conditions the magnitudes 
of tbe forces involved will be so related that 
the particle of floatable mineral will be held 
at the bubble surface and that the whole 
bubble-mineral aggregate will rise with respect to the water phase. A simpli¬ 
fication of this picture leads to a concept which has been considered as a 
theoretical measure of mineral floatability, that is, tbe contact angle. 

In Fig. 160 is shown a section of an idealised bubble-mineral complex, with 
tbe surface tensions at tbe three surfaces vectorially represented. This system 
is purposely simplified; actually the mineral particles or solids must be much 
smaller than the bubbles and many of them are attached to a single bubble. 
Moreover, mineral particles are actually irregular in shape. Tbe contact 
angle 6 is the angle t^tween the solid surface and the bubble surface, measured 
in the liquid phase as indicated in the diagram, llie point P is the projection 
of the line of three-phase contact on the plane of tbe figure. For static 
equilibrium of the surface-tension forces acting on a unit length of the line of 
three-phase contact, the following equation must be satisfied: 





Flo. 160.—'lUuAtrotioo of coutocl ufle. 
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cosine 8 = 



where T ,9 — surface tension, solid-gas. 

Tu — surface tension, liquid-solid. 

Ti 9 ^ surface tension, liquid-gas. 

Under carefully standardized methods of determination, the contact angle 
may be used as an indication of floatability. If the contact angle is zero or 
very small, water will tend to displace air at the solid surface; thus the surface 
is wettable and the mineral is nondoatable. Floatability increases and wetta¬ 
bility decreases with increase in 6. The term 1 — codne 9 has been suggested 
as a floatability factor, but the whole use of contact angles and their value as 
a practical guide is limited and open to question. 

Preliicinary Pulp Preparation 

Particle Size. —Flotation efficiency for the heavier minerals is greatest 
for particles below 100- or 200-mcsh size. Above these size limits, recovery 
drops off rather rapidly with increase in particle sire, the actual upper size 
limit of dotation depending on the speciBc gravity of the mineral concerned. 
The ore fed to flotation is almost alw'ays wet-ground by a revolving mill in 
closed circuit with a mechanical classifier. Sizing tests of dotation feeds vary 
widely in practice, depending largely on the fineness of dissemination of the 
minerals, but in general they average around 5 to 10 per cent plus 65 mesh and 
55 to 65 per cent minus 200 mesh, some operations, however, showing figures 
well outside these limits. 

PvLP Density. —Ordinarily the pulp density of the grinding-circuit product 
can be regulated to be suitable for dotation fe^. Flotation pulps may vary 
in practice from $ to 50 per cent or more solids by weight. The optimum pulp 
density for dotation of a given ore may depend on the nature of the ore, the 
type of machines used, and various other factors, and should be determined 
only by experiment. It should bo remembered, however, that, from con¬ 
siderations of dotation equipment capacity, reagent consumption, and water 
consumption, the pulp density should be maintained at as high a value as 
will give good metallurgical results. Occasionally it has been found advan¬ 
tageous to install a thickener between the grinding circuit and dotation to 
give a thicker dotation feed. 

Conditioning. —Flotation reagents may be added to the ball mill, classi¬ 
fier, special conditioning or mixing tanks, or at various points during the dota¬ 
tion operation. Reagents should be added at a point where they may be 
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thoroughly mixed and uniformly dispersed throughout the ore pulp. Suffix 
cient time should be allowed for the mixing and for the reactions which are to 
occur before flotation. The time of conditioning is an important operating 
variable which varies from ore to ore and from reagent to reagent so that no 
general figure can bo given at this point. Conditioning tanks are generally 
u.'*ed for mixing reagenu with the pulp and for controlling the time of contact 
with the pulp. A typical conditioning tank U shown in Fig. 151. Table 52 
gives the sizes, capacities, and operating data of conditioners sold by one 
manufacturer. 



j 


Fio. 151.—Tb« D«nv«r 4«A(lhioaing t*»k. m’iib tida rut awAy. 


Aeration of the pulp is an important factor affecting some separations. 
AN*hen it is nocc.s.Hary prior to flotation, pulp aeration may be provided for in the 
conditioning operation, 

Reagent .Vddition. —Reagent (^uantitie.s must of necessity be added 
uniformly and closely regulated. It has boon found desirable in flotation mills 
to centralize reagent handling and feeding equipment at an appropriate 
j)oint from which reagents will flow by gravity to tlie proper machines in the 
mill. Tlie reagent floor will have provisions for storage of reagents, reagent- 
mixing and 'dissolving apparatus, and automatic feeders. 

It is generally more satisfactory to feed reagents in liquid form w'herever 
j)Os.sible, although this is not abvays done. For example, one of the most 
common reagents, lime (CaO), is fed as dry unslaked lime, slaked lime, or a$ 
prepared milk of lime. Chemicals soluble in water are usually fed in their 
w ater .elutions. Oils and other iasolublc substances are fed as such, or under 
Home circumstances a.s water emulsions or in solution in organic solvents. 
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Dry solids are fed by means of small hopper and belt feeders of the type 
shown in Fig- 152. Rate of feed is regulated by si>eed of belt, and width 
and depth of the reagent layer on the belt. Vibrating feeders are also very 
satisfactory. 

For feeding liquids, cup and wheel feeders with variable-speed drives and 
other means of adjustment of rate of feed possess the advantages of positiveness 



of action and elimination of clogging difficulties. A common arrangement 
is shown in Fig. 153. Siphon-drip feeders, wheel and scraper feeders, and 
other forms are also in use. 

The amount of reagent used Is conventionally expressed in terms of pounds 
of reagent added per ton of ore, dry weight, fed to the flotation machine. 



Pig. 153.—Cup and «'h«c] r*«a«n( fc«d«r for liquid r»Qgc>n($. 


Special Treatments. —Additional steps in preliminary pulp preparation 
may be found necessary with some ore conditions. For example, the primary 
slime or natural ore slime may be segregated by mechanical classification 
before fine grinding, this product being floated in a slime-flotation circuit 
entirely separate from the sand-flotation circuit to which the final ground 
product goes; or the segregated primary .slime may be separately conditioned 
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with di£F<»rent reagent quantities and combined with the ground sand for a 
single flotation circuit. Such arrangemenU may induce savings in values 
and in reagent consumption when the original ore contains a large proportion 
of primary slime with flotation properties quite different from the granular 
or sand portion of the ore feed. 

Another somewhat similar practice is decolioiding prior to flotation. 
Removal of colloidal material may be accomplished in settling devices of the 
thickener operated so that the overflow carries the colloidal material. 

Colloidal gangue may have a deleterious effect on the floatabiUty of sulphides 
and also tends to increase reagent consumption. 

General Considerations. —Flotation feeds should be as uniform as 
possible, both in rate and in composition. This condition U automaticaliy 
accomplished with grinding, classif 3 ring, and conditioning apparatus, which 
produce a well-mix£^ product at a uniform rate. In custom plants or others 
where more than one ore type is available, it may be advant^eous to feed a 
definite ore mixture to the grinding circuit rather than to feed a single ore 
type. 

The control of pulp preparation for subsequent flotation requires a rela¬ 
tively detailed system of routine testing and observation, coupled with a 
specialized knowledge on the part of the operator. Observation of froth 
properties, pulp-density determinations, sizing tests, chemical and microscopic 
analyses, small-scale flotation tests, and various other observations and tests 
are made continuously and systematically. Only by competent interpretation 
of such data in the light of experience and general knowledge of flotation 
principles is the flotation operator able to msdntain at all times the most 
favorable pulp con«itions for flotation. Variables more or less directly 
amenable to control are rate of feed, type of feed mixture, condition of feed; 
grinding, both extent and quality; pulp density; reagents, kinds, quantities, 
places of addition, form of addition, time of treatment, treatment conditions; 
special operations such as separation of primary slimes, decolioiding, etc.; 
and perhaps others. 

Flotation Reaoents, TBEtH Functions and Properties 

Reagents used in flotation may be classified under the following three 
general Headings according to tbeir functions: 

Frothing agents. 

Collecting agents. 

Modifying agents. 


FROTBINO AQENT8 

Frothing agents are the chemicals used in producing and stabilizing a froth 
of suitable characteristics for flotation. As previously suggested, frothers^ 
long to the general class of surface-active substances and are strongly adsorbed 
at the surfaces of their solutions. They are organic compounds, character¬ 
ized by the presence of a water-avid polar group and a water-repellent non¬ 
polar group (hydrocarbon group) in their molecule. This type of molecule 
structure is particularly favorable to the formation of adsorbed films with 
attendant reduction in surface tension at very small concentrations. 

The variation of surface tendon with frother concentration for dJute 
water solutions of a typical frother is shown by the curve in Fig. 154. It b 
seen that the decrease in surface tension caused by the edition of frother is 
most marked at low frother concentrations. The famous Gibbs equation may 
be used to calculate from such data the amount of surface adsorption occumng 
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at any ^ven frother concentration. This equation is 

c dS 
RT'dc 

where a ^ adsorption, expreased in mols per square centimeter of surface. 
c ~ concentration. 

T — absolute temperature. 

R s gas constant. 

^ = rate of change of surface tension 8 with concentration c. 

From this equation it is seen that the amount of frother adsorbed is proportional 
to the concentration and to which is the slope of the surface-tension concen¬ 
tration curve shown in the firare. It has been found that the most favorable 
conditions for frothing are obtained with substances which at very low con¬ 
centrations show a relatively large 
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rate of decrease of the surface tension 
with the concentration. These sub¬ 
stances in ^neral have relatively low 
solubUlties m water, between 0.2 and 
5.0 grams per liter of water. The 
water-repellent groups are generally 
long-cham hydrocarbon groups. 

A further desirable quality for 
frothers is that they shall have no 
collecting properties, that is, that they 
shall have no direct effect on the 
actual floatabilities of the various 
minerals present. This condition is 
fulfilled by the choice of frothers with ^ 
molecules containing the proper water- ^ 45 
avid or polar groups. For example 
the hydroxyl group (OH) is present in 
many frothers and shows no appreci¬ 
able collecting properties; the carboxyl 
or organic acid group (COOH) may 
show marked tendencies to react with 
mineral surfaces and is not present in the molecules of simple frothers. 

Another condition, not always satisfactorily met by commercial frothers, 
is that their frothing action should be unaffect^ by the condition of the pulp, 
hydrogen-ion concentration (pH), and the presence of other reagents or of 
any ore constituents. 

Froth characteristics in flotation are determined by the nature of the 
frother, the amount added, the nature of the ore, other reagents added, and 
to some extent by the type of machine used and other mechanical factors. 
Froth characteristics have an important effect on the results attained with 
flotation. Various terms used to describe the conditions of froths may be 
listed: stability, toughness, biittieness, persistency; extent of mineralization, 
barren, heavily mineralized; water content, watery, dry; bubble size; and 
many others. These properties, however, are all rather closely interrelated, 
^tbs should be stable and persistent enough that a reasonable depth of 
froth layer can be maintained and that the froth may be satisfactorily removed 
from the machine; but, on the other hand, they should not be so tough and 


Cpnc«ft+ro+ion,\^l 9 ht PepC«n+ 

Flo. I$4.—SurfAC^tenaion «onc«ntraitioQ curve 
for a tiiDple frother. 
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that they cannot be broken down easily after removal from the machine. 
A heavily mineraliaed or overmineralized froth will tend to be very stable 
and may favor low recovery in a high-grade concent rate. AI ightly mineral) zed 
froth will m general be less stable and is apt to have a high water content, 
w^th consequent mechanical carrying over of gangue to make a lower grade 
concentrate. The proper balance of all these froth characteristics is a separate 
problem for each ore, and the only safe guide is experimental work coupled 
with practical knowledge of the principles involved. 

Commercial Frothers. —Pine oU and cresylic acid have been the most 
widely used frothing agents. Other substances derived from natural sources, 
for example, eucalyptus oil, camphor oil, and sagebrush oil, have suitable 
frothing properties and may be used in places where they are more clieaply 
avauable. Amyl alcohol is also occasionally used as a frother, Various 
synthetic frothera and sulphonated alcohols have shown special advantages in 
some cases. 

Pine oil is produced by steam distillation of pine wood. It is a mixture of a 
number of chemical compounds, among which the most important are the 
teriwncs and the terpene alcohols. Pinene a terpene hydrocarbon, 

IS the main constituent. A typical alcohol constituent is terpineol, which 
has the formula C 10 H 17 OH. Terpineol is frequently used to advantage in 
research and testing work where its purity, uniformity, and excellent frothing 
qualities facilitate close control of laboratory flotation operations. 

Cresylic acid is a coal-tar distillation product, containing various higher 
phenols, especially cresols (methyl phenols, CH,*C*H|OH) and xylenols 
[dimethyl phenols, In some cases cresylic acid is preferred 

to pine oil because of its less powerful and more selective frothing properties. 
Cresylic acid is the frothing constituent in certain of the common *‘aeronoat” 
frother-collector mixtures. 

Recently, various synthetic frothers, such as the duPont frothers, have boon 
found particularly applicable for special problems, either alone or as auxiliary 
means of froth control with standard frothers. In the flotation of noninetallic 
minerals the use of fatty acids and their derivatives as collecting agents tends 
to the formation of undesirable tough froths; sulphonated alcohols appear to 
have marked advantages over the pine oil customarily used for froth control 
in this field. 


CQLLECTINO AGENTS 

Collecting agents are the chemicals that cause the collection of the desired 
minerals into the froth. They are organic chemicals, with molecules contain¬ 
ing both polar and nonpolar parts, in this respect similar to frothers. How¬ 
ever, their polar groups are definitely distinguishable from the simple frother 
polar groups by their reactivity. The polar parts of collector molecules are 
definitely reactive and often show a pronounced tendency to ionise. This 
characteristic is most commonly associated with the presence of sulphur, 
phosphorus, nitrogen in certain combinations, and organic acidic radicals 
such as the carboxyl radical (COOH), 

The possible mechanisms of collector action were indicated in the discussion 
of Chemical Treatment of Minerals. The active polar groups serve as a 
means of adhesion of a film or coating to the mineral-particle surface. The 
nonpolar hydrocarbon groups give this surface film or coating its nonwettable 
or water-repellent properties, necessary for bubble attachment and flotation. 
In general there seems to be a reasonably close relation betw*een the collecting 
power of a chemical and the insolubility of compounds which may be formed 
by reaction of the coUector with the cationic constituents of the mineral. 
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There is ft further somewhat analogous relation between the nature of the 
hydrocarbon group and the collecting power; within certain limits, the more 
carbon atoms it contains, the more powerful a coUector it is. 

The following example will serve to illustrate one manner in which collecting 
ajrents act on mineral surfaces. If chalcocite (CutS) is treated with a water 
solution of potassium amyl xanthate, [(K)'*'(^COC*Hii)"], it will be found 
that the mineral removes xanthate ions from the solution in a relaUvely 
permanent manner, that is, the xanthate cannot be recovered from the mineral 
by any amount of washing with water. As shown by reaction of soluble 
copper salts with xanthate solutions, copper has a pronounced tendency to 
react with the xanthate group, to which it becomes chemically bonded at a 
sulphur atom of the xanthate radical. In the case of chalcocite the copper 
atoms in the surface of the chalcocite may combine with and hold the xanthate 
groups, and at the same time remain held in their positions in the space lattice 
of the mineral by attractive forces of surrounding atoms of the lattice. The 
net effect of this action is that a single layer of tightly held xanthate groups 
tends to form over the mineral surface, held in such an orientation that the 
nonpolar hydrocarbon groups (CtHu) tend to project outward from the surface. 
In this way the chalcocite acquires a nonpolar, nonwettabic outer surface 
similar to a paraffin surface, which is ideal for flotation. Accompanying 
this effect, a portion of the xanthate may also form a distinct compound of 
copper xanthate, not held at the surface in an oriented fashion, and this com- 
pound may or may not affect the mineral floatability. 

Commercial uollectorb. —Many chemicals have been proposed and 
tested as collectors, but only a few have been used extensively in practice. 
Those used for metal sulphide ores and to some extent for oxidised metallic 
ores include the xanthate compounds, dithiophosphates, and thiocarbanilide. 
In the nonmetallic field fatty acids, fatty acid soaps, and their derivatives 
have been most common. 

Xanthates at the present time are perhaps the most important single 
group of collectors. They are chemically termed *‘dithiocarl»ndtes" and 

S 

are given the following structural formula: K—S—C—0—R- R may repre¬ 
sent any hydrocarbon radical, but the most common are ethyl, butyl, and 
amyl xanthates, in which R is CiH*, CiH#, or C»Hii, respectively. With 
respect to its collecting action it is immaterial ivbether potassium or sodium 
xanthate is used, but with respect to stability, cost of manufacture, etc., there 
are slight differences between the two. For ordinary purposes potassium or 
sodium ethyl xanthate is most common. When a more powerful coUector 
is desired, toe higher xanthates, butyl or amyl, may be applied advantageously. 
In some instances the use of an adjusted mixture of ethyl xanthate and a 
higher xanthate has been found to afford a very effective means for close con¬ 
trol of flotation conditions. Commercial xanthates are sold under various 
trade names in varying degrees of purity, containing certain amounts of 
impurities formed as by-products in manufacturing or formed later as decom¬ 
position products of the xanthate. Xanthates are made from an alcohol and 
molecular equivalents of carbon bisulphide and either potassium hydroxide 
or sodium hydroxide. Ordinarily the term potassium xanthate or sodium 
xanthate means that ethyl alcohol was used. Pentasol xanthate is made 
from pentasol, or crude amyl alcohol. Raconite is a crude xanthate product 
made from butyl alcohol. The pure xanthates are light-colored solids and, 
in contrast with the crude product, almost odorless. The pure compounds 
dissolve readily in water to form clear solutions. 
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Dixantbogens are produced by oxidation of xanthates and have the general 
S S 

f^mulat R—0—C—S-^S— ^ —O—R. Under certain conditions they are 
efficient coUectors of sulphide minerals. As dixanthogens are insoluble in 
water, their use necessitates provision for thorough mixing and emulsification 
with the ore pulp before flotation. Their presence as an impurity in com¬ 
mercial xanthatee probably has a beneficial effect rather than a detrimental 

A 


The various reagents included under the term “dithiophosphates” have 
become extensively used under the trade name “aerofloats.” Reagents of this 
class are made by the reaction of phosphorus pentasulphide (Pj8$) with 
alcohols or with phenols. Pbosphocresylic acid, the basis of one series of 
aerofloats, is made from phosphorus pentasulphide and commercial cresylic 
acid and may be given the following formula: 


S OR 

\ / 

P 

/ \ 

HS OR 


where R CHfCcH^—, (CHi)t*C«H 2 —, etc. The commercial phospho- 
cresylic acids contain various percentages of cresylic acid, added in excess 
during the manufacturing process, and thus have corresponding frothing 
powers and are used as combined frothers and coUectors. Aerofloats 15, 25, 
and 31, for example, are made in this way; the figures used to designate them 
refer to their relative strengths expressed as percentages of phosphorus pcnta- 
su 1 phide used in t hei r m anufact u re. These three aerofloats are liquids inso luble 
in water; hence ample facilities for conditioning and reagent dispersion must 
be provided when they are used. 

A more recently introduced aerofloat, sodium aerofioat, overcomes several 
objections to the earlier forms and is widely used. It is the sodium s^t of 
pbosphocresylic acid and is a solid, soluble in water. Its solution does not 
have the strongly corrosive action that the acidic liquid aerofloats have. 
Moreover it does not act as a frother, and an independent frothing agent may 
be used for closer control of froth than is possible with the liquid aerofloats. 

A similar group of aerofloats made from phosphorus pentasulphide and 
ethyl, butyl, or amyl alcohols arc available and may be used instead of the 
cresylic acid products in some separations where their properties are partic¬ 
ularly advantageous. 

The aerofloats usually show less tendency than xanthates to float pyrite in 
ore where the exclusion of pyrite from the concentrate is an important problem. 
Under some conditions they may achieve in an almost neutral circuit results 
that are obtained with xanthate only by maintaining a circuit of high ^ka¬ 
li nity. In some mills best flotation results have been attained by the use of 
both aerofioat and xanthate, added either together in the so-called ^^dua' 
promoter system'’ or in different parts of the flotation flow sheet. 

Thiocarbanilide is the commercial term for dipbenyl-thiourea, which may be 
represented by the formula CS(NH'CtHOt. Its commercial form is a solution 
(about 15 per cent) in ortbotoluidlne, this solution being known as **T-T 
mixture.” This reagent was formerly widely used, but, owing to its insolu¬ 
bility in water, its cost, and its somewhat limited applicability, it has now been 
replaced to a large extent by the xanthates and the aerofloats. The present 
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applications of thlocarbanilide are in the flotation of \e&d^ in which iise it does 
not tend to float as much sphalerite and pyrite as, for example, the xanthates. 

Typical fattv acid collectors used in the flotation of nonmetallic minerals 
are oleic acid (Ct7H*»COOH), stearic acid (CitHjjCOOH), and palmitic acid 
(Ct*HixCOOH). These substances are relativdy insoluble in water and must 
be thoroughly emulsified in the piUp for effective results. Soaps are the alkali 
salts of these acids. The sodium soaps are frequently used in flotation. These 
soaps have the advantage of being soluble in water. In using fatty acids and 
soaps bard waters are disadvantageous, because calcium and magnesium form 
insoluble soaps, removing the collector from solution as an insoluble precipitate. 

The recently introduced sulphonated fatty acids and soaps are apparently 
more selective in their action than the unsulphonated forms, and laboratory 
tests indicate that they facilitate the more difficultly controlled separations of 
nonmetallic minerals. Tbb group of chemicals has the further advantage of 
t^ing much less sensitive to bard water. 

In floating nonmetallic minerals the fatty acid and soap reagents tend to 
form very tough and veiy stable froths similar to the familiar soap suds which 
are generally unsuited for selective separations. To remedy this difficulty 
and to obtain a somewhat brittle froth, pine oil is usually added in carefully 
regulated amount. If a larger <)uantity of pine oil is added, the froth may 
be broken down completely; if insufficient pine oil is added, the froth will 
remain tough and sudsy. 

CoLLBCTXNO Oiu.—Insoluble oils and crude distillation products are still 
used to some extent for collection and for froth strengthening. They may be 
classified as co^-tar creosotes, wood*tar creosotes, petroleum products, and 
blast*furnace oils. Their collecting and oiling characteristics seem to ^ 
closely related to the presence of various nitrogen or sulphur compounds with 
reactive qualities inherently produced in their manufacture. 

MODIFTINO AOENTS 

Modifying agents are used to modify the pulp so that the desired minerals 
will be collected into the froth and the remainder will not. Their action may 
thus be said to be supplementary to that of the collectors. Differential 
flotation of similar minerals from one another can rarely accomplished by 
the use of frothers and collectors alone, and even bulk flotation of all similar 
minerals together in one product may be usually Improved by modifying agents. 

Modifying agents may be further separated into several classes according 
to their functions, as follows: 

^ and pulp-control reagents. 

Depressing agents. 

Activating agents. 

Sulphidising agents. 

Dispersing agents, deflocculators, protective colloids. 

pH AND Pulp-control Reagents. —The pH of an aqueous solution is the 
common term used to express the hydrogen-ion concentration. It may be 
defined as the negative of the common logarithm of the concentration. 
For example, if IH-M is 0.001 molal, pH = 3.0. At neutrality the pH is 7.0. 
Higher values of pli than 7.0 correspond to alkaline conditions, lower values 
to acid. 

Most flotation operations are now carried out in alkaline pulps with pH 
from about 7 to 13. The importance of constant and careful control 
of alkalinity cannot be overemphasiaed, as it is one of the chief factors in the 
majonty of selective and sensitive separations. Alkalinity determinations 
may m general take either one of two forms: a titration or a pH determinatior 
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By titration of the filtered or settled pulp solution with standard acid using a 
colorimetric indicator, the amount of free alkali in pounds per ton of water is 
determined directly and kept within certain limits. Determinations of pH 
are made colorimetrically or electrometrically, as describe in Chapter XVIII, 
and the pH is maintain^ within about 0.2 unit, more or loss, of the optimum 
value. 

Closely related to pH control is the control of various undesirable sub¬ 
stances which may come from the water supply or occur as soluble impurities 
in the ore. Soluble iron salts are among the worst offenders in reducing 
flotation efficiency. Fortunately iron is rewlily precipitated as ferric hydroxide 
in alkaline circuits. In gener^, soluble undesirable salts in the pulp are 
precipitated or otherwise rendered harmless by the same reagents that are 
used to maintain alkalinity in the flotation circuit. Under very bad water 
conditions, however, a separate preliminary treatment of the mifl water may 
be necessary for good results. 

The reagents commonly used for pH and pulp control are lime (CaO) in its 
various forms, sods ash (Na»COj) for alk^ine circuits, and sulphuric acid 
(HtSO*) in acid circuits. It should be mentioned at this point that most 
of the modifying agents of other classes, discussed in following sections, also 
influence the pH but are not ordinarily used for this specific purpose. 

Depressinq AOEtm.—In the differential flotation of similar minerals 
from each other, depressing agents are added to exert a specific action on 
certain minerals and prevent them from floating. The usuu reagents of this 
class are all inorganic chemicals. Their mode of action has been interpreted in 
various way.s, among which have been the following: (1) They react’chemically 
mth the mineral surface to produce insoluble protective films or coatings of a 
wettable nature, which do not react with collectors. (2) By various physical- 
chemical mechanisms, including surface adsorption, mass-action effects, 
complex formation, etc., they prevent the formation of the collector film. 
(3) They may act as solvents for an activating film naturally associated with 
the mineral or naturally produced in the pulp by ionic reactions and inter¬ 
change. (4) They may act as solvents for the collecting film. These explan¬ 
ations are all closely related and a correct theory may involve elements from 
several or all of them. 

Lime is used to depress the pyrite in the flotation of base-metal sulphides 
from p 3 Tite-bearing ores. The specific nature of the depressing action of lime 
on pyrite is not well understood, but it is known that the presence of free hy¬ 
droxyl ions (OH“) is detrimental to pyrite flotation. This fact coupled with the 
fact that iron ten<^ to form a very insoluble hydroxide indicates the possi- 
ibility of the formation of a protective hydroxide-containing film or coating. 
The extent of surface oxidation of pyrite ha.s been shown to closely related 
to the floatability of pyrite. Clean pyrite floats much more readily than badly 
oxidised pyrite. This may have an indirect bearing on the lime-depression 
mechanism. 

In using lime either as a pH control agent or as a depressing agent care 
should be taken to prevent its depressing any of the valuable sulphide minerals. 
For example, a large excess of lime may prevent the flotation of galena with 
xantbates. Lime also has a depressing effect on free ^Id. High lime reduces 
the effectiveness of aerofloat collectors in the flotation of copper miner^. 

Sodium or potassium cyanide is used in cerUun cases with Ume for pyrite 
depression. Its depressing effect may be related to the tendency of iron to 
form ferro- and ferricyanides; or it has been suggested that cyanide is of advan¬ 
tage as a means of removing, from the pyrite, surface films containing copper, 
which give the pyrite flotation properties similar to those of copper minerals 
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Cyanide in larger quantities mil also tend to depress some of the copper 
sulphide mineraU^ and as a matter of fact it is used as a copper depressor in 
certain separations. 

The differential flotation of lead^nnc ores is accomplished in two steps: 
( 1 ) the flotation of lead and the depression of sine, (2) the flotation of zinc 
from the remainder of the ore. Zinc sulphide minerals, sphalerite and 
marmatite, are most commonly depressed by the use of a combination of sodium 
cyanide and zinc sulphate. Under certain conditions either of these alone 
may depress ainc minerals satisfactorily, but in general their action seems to 
be complementary and best results are obtained using them in conjunction 
in certain proportions. Little is known of the chemical nature of their action. 

Sodium sulphite and sulphur dioxide have also been used for the depression 
of sphalerite. They are less powerful depressors than cyanide and thus And a 
few applications where this may be of advantage. 

Senium sulphide has a depressing action on sphalerite, and laboratory work 
indicates that under certain conditions it may act as a depressor for many 
other minerals. 

Potassium or sodium dichromate is a galena depressor and is used primarily 
in floating copper from lead, also to some extent in cleaning zinc concentrates. 
It is believed to form an insoluble coating of lead chromate on the galena 
surface. 

Activatinq Agents. —Certain minerals, in particular sphalerite and 
some ncnmetallic minerals, in their natural state are not collected by the 
commonly used collectors. Activating agents are used to cause their collection 
and also to bring about the flotation of minerals w'hich have b^n depressed in 
a previous flotation operation. 

Copper sulphate is universally used to activate sphalerite, both in the 
flotation of simple zinc ores and in the flotation of previously depressed sphale¬ 
rite in complex-ore concentration- Apparently it forms a copper sulphide 
coating on the zinc sulphide, thus giving it the floatable characteristics of a 
copper sulphide mineral, for example, chalcocite or covellite, The use of 
copper sulphate in excess should be avoided, as it also tends to activate pyrite 
which has been depressed by lime and cyanide. 

Sodium sulphide or sulphuric acid is occasionally used for the activation 
of pyrite which has been depressed in a previous flotation operation. Their 
function seems te consist of a renewing of the sulphide surface, the former 
reagent by sulphidizing the oxidized pyrite surface, the latter by dissolving the 
oxidized inhibiting coating from the pyrite. These explanations are indirectly 
supported by the known fact that oxidizing conditions favor the depression 
of pynte. 

In the soap flotation of the nonmetallics, particularly of silicates, experi¬ 
mental work has shown that soluble base metal salts of copper, lead, iron, 
mercury, and others may be effective as activators. They are not now 
coromercially used for this purpose, but recognition of their effects is important 
m soap flotation from the viewpoint of prevention of activation of undesired 
minerals by metallic salts from the water supply, from other ore minerals, 
from rusting or corrosion of equipment, and from accidental sources. 

SuLPHiDxziNG Agents. —Metdiic-oxide and ondiz^ minerals may often be 
substantially floated by prohibitive quantities of the more powerful sulphide- 
imneral collectors, but for commercim results and economic reagent consump¬ 
tion It is necessary to give them a preliminary sulphidizing treatment. This 
treatment has the effect of imparting to them a sulphide surface, with flotative 
properties corresponding somewhat to those of the respective sulphide minerals 
I he outstanding example of this use has been the successful commercial 
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dotation of lead carbonate. Sulphididng may also be of advantage with 
partially oxidized sulphide ores. 

Sodium sulphide (Na^S) is the common sulphidizing agent, although hydro- 
gen sulphide and various other sulphides and polysulphides of the alkali and 
alkaline earth metals have been used. Other properties of sodium sulphide 
must be considered when it is used. It is strongly alkaline and a strong dis¬ 
persing agent. It may prevent flotation completely when added in too groat 
a quantity. 

Dispersiko Agents, Db?loccvlator8, Protective Colloids. —It has 
been frequently observed that a successful flotation operation involves selective 
flocculation of the mineral to be floated and dispersion of the gangue. ^me 
workers have successfully applied this concept as a criterion in obtaining 
optimum flotation conditions, especially in the flotation of nonmetallios, 
Solid particles with nonpolar nonwettable surfaces in general will show pro¬ 
nounced tendency to flocculate, whereas polar wettable particles will tend to 
remain dispersed; hence the analogy between flocculation and flotation. From 
this viewpoint it can thus be said that depressing agents are selective dis¬ 
persing agents for the minerals they depress. In the same way it can be said 
that the class of flotation reagents included under the common terms dis¬ 
persing agents, deflocculators, protective colloids, etc., are in reality ganguc- 
dopressing agents. 

Colloid chemists have shown that a state of dispersion is maintained by the 
presence of adsorbed ions on the dispersed particle surfaces. These ions give 
the surface an electrical charge, and the close approach of other similarly 
charged particles and subsequent floccularion is prevented electrostatic 
repulsion. Certain electrolytes will neutralise these charges, in which case 
flocculation occurs, and the electrolyte so acting ia known as a ^'flocculating 
agent.’’ Flotation collectors are specific flocculating agents for the minerals 
that they collect. 

A phenomenon closely related to these considerations is the formation of 
slime coatings. The failure of sulphide minerals to float under some conditions 
may be explained by the presence on their surfaces of microscopic coatings of 
colloidal or near-colloidal gangue or silicate material. These coatings are 
apparently formed under pulp conditions in which the sulphide particles and 
the gangue particles are oppositely charged. The phenomena involved in 
their formation appear to \U closely analogous to mutual precipitation of 
oppositely charged colloids, familiar to colloid chemists. Inhibiting coatings 
of gangue have also been observed on free ^Id, having been plastered on 
during the process of fine grinding. Slime coating formation may be controlled 
to some extent by the use of gangue dispersing agents. 

The presence of a large quantity of colloidal material in the ore feed, known 
as primary slime, ” U detrimental to flotation and frequently necessitates the 
use of dispersing agents. Carbonaceous material associated with some gold 
ores also requires the use of depressing agents or protective colloids unless it is 
possible to remove it as a waste product by a preliminary flotation step. 

Sodium silicate or water glass is the most widely used dispersing agent. 
It is most effective when the alkalinity is carefully controlled. The <hspersing 
power of sodium sulphide is also occasionally made use of. Citric acid, tannic 
acid, and lactic acid are also effective dispersing agents. 

Protective colloids are used for much the same purposes as the inorganic 
dispersing agents. They are organic colloid-forming compounds of high and 
indefinite molecular weights and maintain a state of dispersion by forming 
wettable coatings on the gangue particles, hence the name "protective colloids.” 
Typical examples are starch, glue, gum arabic, casein, etc. 
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gtrUlAJiY OF FLOTATION REAGENTS 

In the following paragraphs flotation reagents are listed with a brief men¬ 
tion of their particular applications. This summary includes reagents already 
mentioned as well as other less common reagents not yet mentioned. 

Frothing AgerUs 

Pine oil is the common frothing agent in the flotation of metalliferous ores. 
In fatty-acid and soap flotation it is used to impart brittleness to the froth. 

Cresylic acid is a common frothing agent, not so powerful as pine oil. 

Amyl alcohol, known in its crude commercial form as ^‘pentasol/’ is a less 
common, general-purpose frothing agent. 

Eucalyptus oil, camphor oil, and sagebrush oil are used in some districts 
when they are more cheaply available than the common frothing agents. 

DuPont frothers are synthetic frothers used for special purposes, as flota¬ 
tion in cyanide solution or for modifying characteristics of froth obtained with 
other frothers. 

Sulphonated alcohols are a class of synthetic frothers which appear partic¬ 
ular useful in nonmetalLic flotation. 

Terpineol is a pure frothing agent finding its chief application in laboratory 
flotation work. It is a constituent of pine oil. 

Collectir^j Agenli (Including Frolfur-ColUctor9) 

Xanthates are the most common collectors for metallic sulphides, native 
metals, and oxidised minerals after sulphidising. Sodium or potassium et^^ 
xanthate is most widely used. Butyl xanthates are more powerful and give 
better results in some cases. Amyl and pentasol xanthates arc used when a 
very powerful collector is desired, for example, in flotation of free gold ores. 

Dixanthogens are collectors for sulphide minerals and native metals. 
Ethyl, butyl, and amyl dixanthogens are available on the market. 

Aerofloats or dithiophosphates are a series of general-purpose collectors, 
some of them also having frothing properties. They are available as liquids, 
made from phosphorus pentasulphide and cresylic acid or various alcohols, and 
also as the corresponding solid sodium salts. These agents are used either 
alone or with xanthates in a dual-promoter system. 

Thiocarbanilide is used mainly for collection of lead in floating lead-sine 
ores. Its commercial form is T-T mixture, a solution in orthotoluidine. 

Alpba-naphthylamine was formerly used widely as a collector but is now of 
little importance owing to its comparatively high cost. Its commercial form 
is X-cake, and when used with xylidin as a solvent the solution is known as 
X-Y reagent. This was about the first organic flotation reagent introduced 
into the mills. 

Minerec is primarily a copper collector, made by dissolving potassium 
ethyl xanthate in ethyl cblorocarbonate. 

Bamac is an alkyl mercaptan compound, used in copper and zinc flotation. 

Fatty acids and soaps are used as collectors for nonmetaJlic minerals and 
for metallic oxidised minerals, particularly those of copper. Oleic acid, 
palmitic acid, and stearic acid are typical fatty acids. The soaps are the 
sodium salts of these acids. 

Sulphonated compounds of various kinds are used for nonmetallic minerals 
replying the more powerful and less selective fatty acids and soaps. The 
Gardmols and Avirols are representative of this group of chemicals. 
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InsolvbU Oils 

Although tho use of insoluble oils has declined markedly during the last 
few years, a number of plants still use them. These oils may have both 
frothing and collecting properties. Coal tar, coal-tar creosote, hardwood 
creosote, tarol, petroleum oils, Wast-fumace oils, etc., are used to advantage 
with chemical agents in some mills. 

Modifying Agsnls 

Lime is the common reagent used for maintaining alkalinity, for precipitat¬ 
ing toxic salts in water, and for depressing pyrite. 

Soda ash is used to maintain alkalinity in operations in which lime would 
be harmful to flotation; in lead flotation, gold flotation, nonmetalllc flotation, 
etc. 

Sulphuric acid is used for acid circuits, for cleansing minerals of oxidised 
coatings prior to flotation, and in the flotation of pyrite after it has been 
depressed by lime, cyanide, etc. 

^dium cyanide is a common sine-depressing agent. It Is also used to aid 
pyrite depression and occasionally to depress copper sulphides- Potassium 
cyanide and calcium cyanide are applicable in much the same way. 

Zinc sulphate is generally used in conjunction with cyanide to depress 
sphalerite. It also has a depressing action on pyrite. Zinc chloride may be 
used for the same purpose. 

Sodium sulphite is another sine depressor, used occasionally instead of 
cyanide. Sulphur dioxide and ammonium sulphite may ^ used in the samo 
way. 

Ammonia and some of its salts find some application as substitutes for 
cyanide in depression of sine and iron. 

Dichromates of either sodium or pota.ssium are used to depress galena. 

Copper sulphate is used to activate sphalerite; it also will activate depressed 
pyrite when added in sufficient quantity. 

Copper ammonium acetate has been used to a limited extent to aid the 
flotation of chalcopyrite in treating copper-sinc-iron ores. 

Sodium sulphide is the common sulphidising agent for oxidised ores. It is 
used also to float previously depressed pyrite. It has dispersing and depressing 
effects on sulphide minerals when added in large quantities and also has a 
depressing effect on metallic gold. Barium sulphide, calcium pol 3 ^ulphide, 
hydrogen sulphide, and other sulphides ha\*e been used for the same 
purpose. 

Sodium silicate is used for dispersing and depressing gangue, to prevent 
excessive contamination of the concentrate. Under proper conditions it may 
also inhibit slime coatings. 

Starch, glue, casein, citric acid, lactic acid, and rimilar materials known as 
protective colloids’’ are used to disperse and depress gangue and carbonaceous 
material, particularly in gold flotation. 

In the rapidly developing field of flotation of nonmetalllc minerals numerous 
reagents have l^n already brought out, and others are certain to appear as 
time goes on. Among them are not only inorganic compounds, such os 
nitrates and sulphates of base metals, but also more especially many complex 
organic reagents, some designated under the trade name of Emulsol reagents; 
some designated as wetting reagents, being generally long-chain anionic com¬ 
pounds; and some designated as cationic reagents such as long-chain amine 
salts. 
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Flotation Macbikes 

Froth flotation machines are designed to carry out three function in aa 
efficient and as economical manner as possible. These are (1) agitation and 
mixing, (2) aeration, and (3) froth separation and removal. 

Many varieties of machines have been developed and used success¬ 
fully in practice. On the basis of their principles of action, practically all 
the machines in use today may be classifled into the following groups and 
subgroups: 

Mechanical agitation machines. 

Vortex type. 

Subaeration type. 

pneumatic machines. 

Mat type. 

Air-jet type. 


USCHANICAL AOlTATION MACHINES 

VoRTGX Type.—T he straight mechanical agitation machine was the earliest 
commercial machine for froth flotation, and it was the most widely applied for a 
long period. The original agitation-froth process of the Minerals Separation, 
Ltd., developed by Sulman, Picard, and Ballot of that company, called for 
intense agitation. The Minerals Separation standard machine was developed 
for this purpose from an original form patented by T. J. Hoover. Newer 
machine developments and improvements have led to the general displacement 
of ibis machine from its former extensive use in ore flotation, but its description 
b included to illustrate operating principles and because of its prominent place 
in flotation development. 

Minerals Separation Standard Machine.—^Thls is shown in Fig. 155. It 
consists of an agitating compartment a and a frothing compartment b. The 
agitator, or impeller, is placed close to the bottom of the compartment and 
is suspended on the vertical shaft c driven by bevel gears or a quarter-turn 
belt from a horizontal line shaft. The feed b introduced into the first agitating 
compartment d. After agitation, the pulp b ejected through tbe slot e into 
the frothing compartment, or spits, entering at a point about 6 inches below 
the water level. Tbe froth rises to tbe surface in this spitz and overflows 
at the lip or b removed by mechanical scraper/. The tailing, or sand, sinks to 
the bottom of the spitz and passes through the opening g and passage h, into 
the agitating compartment of the next cell. It b caused to do tbb by tbe 
pumping effect of the agitator. Pulp level in each cell is maintained by gates 
i controlled by handwheels k, the overflow joining the bottom dbcharge entering 
through g. The rate of flow of tailing through g to the next cell is controlled 
by gate m, operated by rod n and handwheel o. From 5 to 21 compartments, 
or ceUs, comprise a series, the number depending upon the nature of the ore 
and the character of the work. The diameter of the impellers ranges from 
12 to 24 inches, and the machines have capacities of from 2 to 25 tons per 
cell per 24 hours. The usual peripheral speed of tbe agitators b from 1500 to 
1300 feet per minute, and the power consumption b from 2 to 9 horsepower 
per agitator. 

Sot AERATION Type. —Modem mechanical Station machines of the sub¬ 
aeration type are not dependent on a vortex for introduction of air but have air 
pipes provided to deliver air at the impellers. Depending on the design a 
low-pressure air supply may be used for these machines, or enough air for 
ordinary purposes may be drawn in by the suction of the impeller. Consider- 
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able variation in celJ design, method of pulp circulation, and genera! mode 
of operation, impossible in vortex machines, are found in subaeration machines 
^ong these machines the Minerals Separation subaeration, Fahrenwrld 
(Denver subaeration), Fagergren, Ruth, Kraut, K. & K., Weinig, Geco. 



Agitair, and others have been successfully operated on a commercial scale. 
Space does not permit the description of all these variations. Descriptions 
of two of the most extensively used ones, the Minerals Separation subaeration 
and the Fahrenwald, will suffice to illustrate the chief principles of operation 
of the general group. 
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Miners Bt’pQToHon AfocAtn^.—Plan and sectional views of a 

four-cell machine of this type are given in Fig. 156. The apparatus shown 
differs from Minerals ^paration subaeration machines in use in older mills in 
the manner of pulp circulation between cells, as the older machines did not 
make use of the counterflow principle incorporated in the present machines. 



coDsiste of & compartment, square in horizontal section and 
separa^ by means of a honsontal baffle-grid arrangement into two zones 
the agitetion zone below and the frothing zone above The imneller or nirif 
m the bottom of each ceU is of the enclosed pump tyi^ 
covering the top edges of the blades. The effect o^^T ti^’^of imS“ b to 
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throw the pulp up and to create a reduction in pressure in the space below the 
impeller. Feed pulp to each cell and low-pressure air (0.5 pound per square 
inch) are admitted directly below the center of the impeller, as shown. 


Fro. 157.—Denver Auhncraiinn flotttion mo chine. 

Feed pulp is introdueed into the machine throiiRh the feed inlet below the 
impeller of the fir<t cell and passes through the cells to the discharge end of 
the maehiiic, leaving each cell through a bottom passage gate and entering the 
succeeding cell l)elow its ini (idler. In adtlition to tills forward flow of the 
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pulp, backflow and rocirculation of pulp are provided through the backflow 
openings above the baffle in each cell. Details for this are given in the figure. 

Inasmuch ^ the cells are all interconnected by the backflow openings, the 
adjustable tailings discharge weir at the end of the machine controls the pulp 
level in all the cells. Depth of froth in each cell is regulated by the use of 
removable slats at the froth overflow Up. Other details, including motor-drive 
arrangement, froth paddle, and air-supply arrangement, are clear in the figure 
and require no further description. 

If it should be desirable to divide a multiceU machine into two or more 
parts for separate roughing and cleaning operations or for the retreatment of 
middlings in one part, removable weir units, fitting into the bottom passage 
gates, are inserted, and the backflow slots are closed, thereby making the 
two sections each amenable to separate control as desired. 

Operating data and capacities for the various sizes are given in Table 53. 
The size of machine is customarily designated by the diameter of the impeller 
in inches. 

Fahrenwa^ (Denver SMboeraiion ),—The Fahrenwald machine, shown in two 
sections in Fig. 157, affords some advantages over the older Minerals Separa¬ 
tion subaeration machine and has been widely applied. Air is introduced in 
this machine by means of a central standpipe surrounding the vertical impeller 
^aft, This standpipe terminates at its lower end in a stationary hood, with 
integral baffles, feed pipe, and middling return pipes as shown, The standpipe 
is provided wth an opening near the pulp line for pulp circulation. The hood 
and baffles serve to separate the frothing zone from the agitation zone. The 
specially designed impeller, details of which are seen in the figure, rotates 
immediately under the hoof On the bottom of the cell is a saucer-shaped 
bowl-type liner, for protection of the lower part of the cell from wear. Its 
curvature tends to deflect the pulp upward. This machine is made in both 
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smgle-overflow and double-overflow types, with froth overflows on one side 
and on both sides, respectively. From 4 to U cells may be included in a unit 
the pulp flowing from cell to cell over adjustable discharge weirs, as indicated 
in fig. 157. 

Several features are of interest in this design of subaeration machine. 
MactonM may be shut down for short periods and restarted without emptying 
or cleaning out the ^ttled solids. A variety of middling and concentrate 
returns may be made in a given machine without using auxiliary pumps Suffi- 
cient Mt may be drawn m by the suction of the impeller for many operations 
although a low-pressure blower is usually used in larger installations 

mactee®p“i WibL'w" 
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Operation of Svhaeraiion ^focAines.^Air-bubble particle contact and 
selective bubble attachment occur mainly in the lower or ablation zone. 
Conditions in this zone may be regulated by control of the air admitted to the 
machine. In treating pulp in a series of cells, it is advantageous to mdntain 
lower aeration conditions in the first few cells and in the later cells to use more 
air and increased aeration. In this manner the concentrate from the first 
few cells can be made to contain the bulk of the values in a product of fairly 
good grade, while in the later cells the remainder of the floatable minerals 
may be completely brought up in a lower grade product suitable for re treatment. 

In the upper or frothing zone the froth is given a chance to separate from 
the pulp and be purified to some extent. The depth of froth is directly 
dependent on the pulp level, which is controlled by the height of the discharge 
weirs in each cell of the Fahrenwald type of machine and by the height of the 
froth overflow lips in the Minerals Separation type. Increasing froth depth 
tends to give froth overflow containing less included gangue; the froth is given 
more opportunity to purify itself by dropping out unfloatable particles, 
although it may also drop a certain amount of values too. Low depths 
of froth and high pulp levels have in general the same effect as high aeration; 
recovery is high, but grade of concentrate may be low. In accord with these 
relations it U also desirable to vary the froth depth from cell to cell in a scries, 
maintaining a deep froth in the first cells and a shallower froth in tha:e cells 
following. 


TABLE 54.—8UB AERATION PLOTATtOH llACHINES 
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Machine Capacity. —In selecting machine sizes for a given operation, 
whether agitation machines or pneumatic machines, the estimates of capacities 
^ven in catalogue tables are only good for rough estimation. More exact capa- 
city figures for definite ores are calculated from the cell volume, number of 
cells, pulp density, and the required time of flotation treatment for the pulp 
as found by experiment or judged by experience. Treatment times for 
ordinary requirements average around 10 to 15 nunutes. 

pnecuahc machines 

In pneumatic flotation machines no provision is made for mechanical 
pulp agitation. Air is introduced and dispersed either by porous mats or by 
jets, and agitation is produced only by pulp flow* through the machine and by 
the circulating action of the rising air bubbles. 

A further general dissimilarity between the two classes is that notation 
machines are of the multicell type whereas pneumaUc machines are of rec¬ 
tangular cross section, long and narrow, and with no regular lateral divisions 
into independently operating units or cells. The effect of this on machine 
arrangement will be taken up later under Flotation Circuits. 

Mat Type.—T he first pneumatic machine of the mat type was introduced 
by Callow. The Callow machine is shown in F^. 158. It consists of a reo- 
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tftBgular box about 9 feet long, 2 feet wide, 18 inches deep at tl'efeed end^d 4 
feet deep at the discharge end. The sloping porous bottom 
eight co^artments covered wth layers of canvas, .^r is 
the sir boxes under the mat at a pressure sufficient to blow through the mat 
and form a quantity of bubbles, which rise through the pulp collating the 
floatable minerals into the froth which overflows the sides. Various di^ 
culties with this machine, including blinding of the mat by impregnation with 
precipitated calcium carbonate, accumulation of heavy minerals on the mat, 
relatively ffigh air pressure required, and delays for mat replacement, lea to 
the development of the Callow-Macintosh machine which overcame these 
difficulties satisfactorily. 

CalU>v>-MacInto6h Machine .—This machine is shown in Fig. 159- It con¬ 
sists of a long trough in the bottom of which is a longitudinal cylindrical 



Pio. 168 .— Modified Csilow coil. 


rotor, covered with a porous medium, revoh'ing slowly at about 15 revolutions 
per minute. The rotor is mounted at each end on hollow shafts extending 
out of the cell at each end through poking glands or through specially designed 
gland eliminators. Low'-pressure air is introduced through the shaft at either 
end, or, for better control of aeration in various parts of the cell, the rotor 
may be divided into two sections and mr introduced at both ends as desired. 
The rotor is fitted with two longitudinal angle-iron scraper bars, which prevent 
settling and accumulation below it and thus protect the mat. The pulp 
enters at one end and is subjected to thorough aeration in passing through the 
machine. Froth overflows the sides, and tailings are discharged at the end 
by means of an adjustable weir oversow. 

The porous meffium covering the rotor may be a special canvas material 
or perforated rubber. Rubber mats have been almost universally adopted. 
They have a much longer life, do not become blinded, and operate at a lower 
air pressure than the canvas or blanket mats. Also the perforations are 
made in such a way that, when the air is shut off, pulp wiD not run back through 
them into the rotor. Rotors may be changed easily and quickly. 

Although the Macintosh machine operates on the same principle as the 
older Callow machine, it is not subject to the disadvantages of the latter. 
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Movement of the porous medium prevents accumulation of heavy materia) 
and reduces lime deposition which decrease the efficiency and eventually lead 
to blinding. Much coarser material can be satisfactorily treated. 

The Macintosh machine is furnished in a variety of sizes. The standard 
rotors are 9 inches in diameter, with 2.32 square feet of aerating surface per 
foot of lengt^h. Cell length may vary from 4 to 30 feet, width up to 48 inches. 
Larger celU may be made with two rotors. Capacity is given as from 4 to 10 
tons per 24 hours per linear foot of rotor. 

Air-jet Type, —The air-jet machines differ from the mat machines in 
that the air is introduced by means of a series of jets, spaced along the length 
of the machine. The air-jet principle is utilised in several slightly different 



machines a.'^socialed with the names Southwestern, Forrester, Hunt, St, Joe, 
MiamUDunii, and perha|x*< others. The Southwestern Enpneering Corpora¬ 
tion now contn)ls the licensing and manufacturing of machines of the air-jet 
or air-lift type, and their machine will be described as a typical exaniple. 

Southwfstern Air-lifl Machiru .—Figure 160 shows the design of the South¬ 
western machine. It consists of a long V-shaped trough 4 feet wide and 

3 feet deep, with a central air-lift chamber containing the air jets. The air¬ 
lift chamber runs the entire length of the machine. The down pipes are 
placed at 4-inch inter\‘als and t^^rminate at their upper ends in a common air 
header running the entire length of the machine, or of a machine section of 

4 feet. An upper deflector and vertical longitudinal baffles are located to 
provide a fairly quiet aonc of froth separation on each ^de of the machine. 
The cross section shown is standard for all sizes of machines, 9.85 square feet 
in area. These machines are supplied in lengths from 3 to 60 feet and may, 
if desired, he comstrueted with partitions and separate air header and air 
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control for each 4-foot section. The down pip« may be from ^ to 1 meh in 
diameter, larger for primary or roughing flotation operations and smaller tor 
secondary or concentrate cleaning purposes. 

The pulp flows through from feed end to discharge, the pulp level being 
regulated by means of a weir dischai^ at the end. Concentrates overflow 
into launders on each side. In its passage through the machine, the pulp is 
circulated by means of the air lift as indicated by the arrows in the sectional 
view. Froth is levitated in the region of comparative quiet enclosed by the 
baffles and the sides of the machine. 

Capacity is given from 6 to 30 tons per foot of rougher machine per 24 hours, 
with 15 to 50 per cent solids pulp density and with flotation times of 5 to 20 
minutes. Actual capacities for a given operation may be calculated as pre¬ 
viously indicated. 

Air Scpply for Pneumatic Machines. —Air is supplied to modern pneu¬ 
matic machines at from 1| to 2^ pounds pressure per square inch. Mac¬ 
intosh machines require from 5 to 7 cubic feet per minute per square foot of 



aerating surface; Southwestern machines require for roughing from 65 to 90 
and for cleaning from 45 to 70 cubic feet per minute per linear foot. Roots- 
Connersville positivenlisplacement rotary-type blowers are in general use for 
supplying air to all types of pneumatic floUtion machines. Specifications, 
capacity, and power data for various siaes are given in Table 55. 

COMPARISON OF MACHINES 

Few data^ are available for actual direct comparison of various machine 
types under identical operating conditions, but it is Imown that practically 
sll types of ores are now being successfully treated in both agitation and 
pneumatic machines. It appears that there is little or no difference in over-all 
metallurncal results between properly operated machines of all modern types, 
except that there seems to be some preference for subaeration agitation 
machines for low-grade difficult ores requiring a high concentration ratio, 
for example, free-gold ores. However, several comparisons are possible as to 
operating characteristics. 

Agitation-machine froths tend to be more heavily mineralized and more 
stable than pneumatic-machine froths. Froths of pneumatic machines will 
generally flow into concentrate launders of their own accord, whereas froth 
scrapers are used more on agitation machines. 
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7/ABLE 56.-CAPACITIES OP CONNERSVILLB SPH BLOWERS 


Blower 
(Cvibiv T»jt 

Aovetuitoj). 

r 

ReTOluUor.A p«r 
Minute. 

riMwrc 3 Pounds psr Squsre 
Inch. 

Pressurs of 2.9 Poundt per Squsrs 
In«h. 

1 

Cutrie Fsot 
Mkoatc. 

Horse]M>w«f. 

Cubio Foot per 
Minute. 

Boreepowor, 

li 

995 

4.990 

48 

4.S10 

90 

17 

390 

9.370 

99 

5.900 

70 

94 

900 

9.550 

99 

9.480 

65 

« 

279 

8.990 

S3 

9.180 

105 

49 ' 

230 

9.409 

99 

9.270 

120 

97 

210 

10.940 

112 ' 

10.830 

140 

95 

205 

12.220 

122 

12.090 

152 

$•1 

175 

13.440 

IM 

13.270 

170 

100 

195 

19.200 

152 

15. JW 

190 

118 

190 

1 19.400 

190 

16,160 

200 


Coarse pulps or pulps of high density mav require agitation for their 
efficient treatment, although in certain installations pneumatic machines 
have been successfully operated in this field. 

Reagents may oecasionally be added to the cells of agitation machines, but 
it is ordinarily impractical to add them in pneumatic machines owing to the 
lack of thorough agitation and mixing. There is some opinion that agitation 
machines are sliglUly more efficient in reagent consumption, but good evidence 
on this score b lacking. 

The division of agitation machines into individually operated cells allows 
a greater range of fiotative conditions within a given machine than is allowed 
in the long single-compartment pneumatic types. The operation of each cell 
as a unit makes po.ssiblc a variety of concentrate and middling rctreatment 
operations and arrangements not feasible with a single pneumatic-machine 
unit. In small plants this may afford some simplification of mill layout and 
control. 

Pneumatic machines have the important advantages of simplicity in desigti 
and lack of mo^'ing and wearing parts. They are subject to practically no 
mechanicnl difficulties. Maintenance and replacement costs are very low, 
particularly in the air-lift machines. 

Power consumption is lowest for the Macintosh machines, a little higher for 
the air-jet type, and highest for the subaeration agitation machines. 

LABORATORY MACHINES FOR TESTING 

These are considered in Chapter XVIII. 

Flotation Circoits 

As in other ore-dressing processes one concentration step in flotation will 
not give a final high-grade concentrate and a satisfactory low-grade tailing. 
The first step may be arranged to give either one or the other, but usually a 
system of roughing, concentrate cleaning and recleaning, scavenging of tailings, 
and midiing retreatment are used to attain the final result. This has given 
rise to a number of more or less involved flotation schemes or circuits, their 
complexity varying directly with the difficulty of concentration of the ore, in 
particular uith the refractoriness of the middlings produced. The involved 
nature of some of the flow sheets in practice illustrates very well the principle of 
chasing the values just as far as they will pay for themselves. 

The principle exemplified In these circuits is the countercurrent principle, 
familiar to metallurgists and chemists. In a consecutive series of machines, in 
a broad sense, the tailings flow through the scries in a positive direction, and 
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the values are made to flow back in the opposite direction. Feed is usually 
introduced at an intermediate point in the series. Under such arrangement, 
in the individual machines or cells high-grade concentrates are produced with 
high-^rade tails, and low-grade concentrates are produced with low-grade tails. 
As final products a high-grade concentrate and a low^ade tailing are removed 
from the system at their respective ends of the series. 

The extreme application of the countercurrent principle would be that 
represented by fl in Fig. 161. The pulp flow is from left to right through the 
series of six cells, and the concentrate from each cell is returned to the preceding 
cell. Feed is shown entering the first cell, but it might instead be introduced 
at the second or third cell. This arrangement is not satisfactory and is not 
used because of its unnecessary complexity, low capacity, and low efficiency. 
Ore values, not floated until the later cetU, have to be refloated in each pm- 
ceding cell before they can find their way into the final concentrate. A cir¬ 
culating load of particles of intermediate floatability would build up to a high 
value. 

The other extreme, using no countercurrent, is not shown but would be 
simply running the pulp through the machine and combining all the froth 
produced in the final concentrate. Its inapplicability has already been 
pointed out. 

A rational balance of counterfiow of values and circulating loads with 
concentration efficiency involves a segregation of cells or of machines into a 
relatively small number of groups, each group being classified as a rougher, 
cleaner, recleaner, scaven^r, etc. Flotative conditions and capacities in 
each mup of cells are adjusted for the particular kind of work none. The 
flow sheet for a given ore should be as simple as possible and still be capable 
of producing most economical grades of concentrate and tailing. The possi¬ 
bilities shown in (h), (c), (d), and (e) of Fig. 161 are more or less idealized to 
show the underlying principles clearly. Actually in practice the wide varia¬ 
tions in ore characteristics have caused the development of a diflerent flow 
sheet for almost every plant, the flow sheets showing major and minor differ¬ 
ences in the number of steps, the capacity of each step, the point of introduc¬ 
tion of new feed, the points to which middlings are returned, and the types of 
machines. 

In (h) cells 1 to 4 of a 10-cell agitation machine produce a final concentrate. 
Cells 6 to 10 overflow a lower grade middling froth which is returned to the 
bead of the machine for retreatment. Such a simple arrangement is only 
efficient for very easily concentrated ores, as the final concentrate is floated 
from a pulp carrying a high percentage of gangue and is not cleaned at all. 
For a desirable concentrate, flotation conditions in cells 1 to 4 must be of rela¬ 
tively low intensity to avoid floating gangue, and for low-grade tailing rela¬ 
tively intense flotative conditions are maintained in cells 5 to 10. These 
conffitions tend to produce a high circulating load of low content of values. 

In the next flow sheet, (c), the first two cells of a 12-cell agitation machine 
are used only for cleaning the rough concentrate produced in cells 3 to 6. 
Cells 6 to 12 float a low-grade concentrate which is returned to the primary 
roughing section. This system is capable of producing higher grade concen¬ 
trate than (6) because the final concentrate is floated from a pulp containing a 
relatively low percentage of gangue, and, moreover, every particle in the final 
Cleaned concentrate must have floated at least twice. This condition makes a 
much more flexible oji^ration, with much better means of control of results. 

In larger plants using agitation machines and in all plants using pneumatic 
machines, it is convenient to segregate the various steps between sev¬ 
eral machines, The use of four machines is shown in (d), two agitation-type 
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machines used as rougher and scavenger, respectively, and two pneumatic- 
type machines as cleaner and recleaner. The nature and characteristics of 
this arrangement are evident from the figure. 

A simple arrangement for all-pneumatic flotation, analogous in principle to 
Fig ^ represented by (e). A lateral partition divides the rougher 

niachine into two parts at an appropnate point. 

CiRCorra iNCLuniNO Rborinding. —Flotation middlings and intermediate 
products contain values in either one of two forms: (1) free pure particles of 
valuable mineral of intermediate floatability or (2) values locked with gangue 
or other sulphide particles. Ordinarily the dkposal of locked particles is 
balanced between the concentrate and the tailings to give the most economic 
relation of recovery and grade. However, in certain finely disseminated ores 
a large portion of the valuable mineral appears as locked particles in the mid* 
dlings, too low grade to be included with the concentrate and too high grade 
to be thrown away. To remedy this situation, either the flotation feed must 
be ground finer for better liberation or the middling itself must be reground. 
There are two possibilities for middling regrind: It may be returned to the 
original gnnding circuit, or it may be reground in a separate grinding circuit. 
Several plants with difficultly liberated ores have attaint remarkably improved 
results by the adoption of separate middling regrind and retreatmont circuits. 
The Miami mill, discussed later in this chapter, and the Sullivan lead-sine 
mill, discussed in Chapter XVI, illustrate such practices. 

Another closely related application of regrindine is that encountered in 
bulk flotation of sulphides followed by differential notation of the bulk con¬ 
centrate. Ores to which this method is particularly suitable are characterised 
by fairly good liberation of sulphides from ganno with coarse grinding, but 
by fine intergrowth of the sulphide minerals with each other. The ore is first 
coarsely ground and floated under intensive flotative conditions to obtain a 
bulk concentrate containing all the free sulphides and most of the sulphides 
locked with gangue. This bulk concentrate is then finely ground and sub¬ 
jected to differential flotation to produce the various valuable concentrates 
and a final tailing which is added to the tiuling from the coarse bulk flotation. 
Grinding costs are greatly reduced by discarding a coarse tailing, and purer 
concentrates are obtained by concentrating the fine grinding on a relatively 
small bulk of material. This procedure is another application of the principle 
of graded treatment previously emphasised in gravity concentration, Recover 
concentrates and discard tailings as coarse as you can.’' The Miami milt, 
ffiscussed later in this chapter, illustrates this practice. 

Unit Cell.—T he use of the unit cell illustrates the merit of recovering 
values at the earliest possible point in an ore-treatment process. This prin¬ 
ciple is particularly important in the concentration of free-gold ores. On 
account of its high specific gravity and resistance to grinding, gold will tend to 
accumulate and circulate in the gnnding circuit. It has been shown that this 
prolonged exposure to the conditions in the grinding circuit may often be an 
important contributing factor to low gold recovery in subsequent treatment. 
For this reason the unit cell and other concentrating devices are used to remove 
a concentrate directly from the grinding circuit. Such a procedure may 
occasionally be of value for recovering a coarse concentrate in metallic sulphide 
concentration. In the usual grinding circuits the action of a classifier as a 
limiting sizing device forces the heavy sulphide minerals to be retained in the 
grinding circuit until they are ground much finer than the accompanying light 
gangue minerals. 

The unit cell is a large subaeration flotation cell designed to handle coarse 
pulps of high percentage solids. It is incorporated in the grinding circuit as 
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shown in Fig. 162. Pius 4-‘inesh material b removed from the grinding-mill 
discharge by moans of a screen and is short-circuited to the classifier. The 
pulp passing through the screen flows directly into the unit flotation cell where 
a coarse concentrate is made. The tailing from the cell passes on to the 
clarifier. The cell is also equipped with a hydraulic cone on the bottom, 
which may act as a trap for very coarse heavy material such as gold nuggets. 

The unit cell has been introduced into several types of mills and in some 
cases recovers a large bulk of the ore values in a coarse concentrate of suffi¬ 
ciently high grade to obnate further treatment. In gold mills in which it has 

been operated successfully, the over-all mil) 
recovery has demonstrated the advantages 
of its use. An excellent example of the suc¬ 
cessful application of the unit ccU b in the 
Mclntyre-Porcupine gold mill which is 
taken up later in thb chapter. 

Disposal op Flotation Concentratm 

The final froth product of flotation must 
be broken down and dewatered to give a 
product suitable for transportation and dis¬ 
pel at the smelter or other consumer. 
Before the widespread use of chemical 
flotation reagents some trouble was often 
experienced in breaking down the tough 
stable froths from oil-flotation operations. 
With the present practice of chemical flota¬ 
tion» however, froths generally break up of 
themselves during handling or with the aid 
of a water spray in the concentrate launder. 

The broken-down froth consists of a 
pulp of the concentrate minerals, containing 
ConQ^nfroH usually about 60 to 80 per cent water by 

Fiq. 162 .— Unit flotftiion «U \a • weight. Thb pulp U commonly fed to a 
ftmamf cireui . Continuous thickener of the Dorr type, 

which overflow's clear w*ater and dbeharges a thick pulp of from 30 to 50 per cent 
water. Thickeners for flotation concentrates may be provided with baffle 
boards to prevent overflow of froth into the clear water o\'erflow- The 
thickened pulp is pumped to a continuous vacuum filter of the Oliver or Dorreo 
revolving-drum type or the American dbk type, which dbeharges a filter cake 
containing around 10 per cent mobture. 

Under normal conditions the moisture content of the concentrate b not 
reduced further at the mill. The remaining moisture facilitates its further 
handling and shipment to a certain extent, preventing dust and handling 
losses. The cost of further dewatering at the mill by heated driers is usually 
not justified by the freight sanng involved, but drying equipment b occasion¬ 
ally ncccsscry to meet special conditions, particularly in cold climates where 
relatively wet materials w'ould freeze solid during transit to the smelter in 
the winter. 

Flotation Practice 

Flotation practice will be considered under the following classification of 
ores: 

Copper ores (sulphides and native). 

Lead, zinc, and lead-zinc sulphide ores. 
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Gold and silver ores. 

MUceUanecus complex sulphide ores. 

Metallic oxidised ores. 

Noninetallic ores and coal. 

COPPER ORBS 

In terms of tonnage of ore treated, the copper ores represent the most 
important application of the dotation process. Flotation is now practically a 
uni vernal process for the concentration of sulphide copper ores and occupies an 
important position in the concentration of native copper, as a supplementary 
means of concentration to gravity methods. 

Sulphide Copper Ores. —The concentration of sulphide copper ores 
involves the separation of the sulphide minerals of copper from various silicates 
and from pyrite; the relative amounts of copper minerals, silicates, and pyrite, 
and the mineratogical nature of their associations varying within wide limits 
with the nature of the ore. The porphyry coppers, containing copper sulphide 
minerals and pyrite finely disseminated in a siliceous gangue, may be con¬ 
sidered as one general type, and the massive sulphide ores, consisting largely 
of pyrite, or pyrite and pyrrhotite, and the copper sulphides with smaller 
proportions of siliceous gangue, as another. Cnalcopyrite and chalcocite 
make up a large part of the copper content of the sulphide copper ores, but the 
various other copper sulphide minerals are frequently associated in material 
amounts. 

The separation of copper minerals from siliceous gangue is readily accom¬ 
plished using simply a frothing a^ent and xanthate or acrofioat as a collecting 
agent, The presence of pyrite m most commercial ores, however, necessi¬ 
tates the use of pyrite depreasants, such as lime and cyanide. The simple 
lime-xanthate-pine oil combination has been widely successful, using 3 to 6 
pounds of lime, 0.02 to 0.15 pound of pota.a<ium ethyl xanthate, and 0.05 to 
0.30 pound of pine oil per ton of ore. Results using this combination may bo 
varied by changing the relative proportion.s of xanthate and lime. High lime 
and low xanthate favor higher grade concentrates, higher concentration ratios, 
and lower extractions. Low lime and high xanthate favor higher extractions, 
lower concentration ratios, and lower grades of concentrates. 

When aero float reagents are used as collectors, control is less sensitive, 
as the acrofloats show less tendency to float pyrite. Lime must not be present 
in excess, as it destroys the effectiveness of the acrofloats in floating copper 
minerals. The following combination (Utah Copper Company, Arthur and 
Magna mills) also illustrates the frequent advantageous use of cyanide in small 
quantities as an auxiliary pyrite depressant: lime, 3.8 pounds (to pH of 9.0); 
sodium ethyl aerofloat, 0.02 pound; cresylic acid, 0.18 pound; and sodium 
cyanide, 0.05 pound per ton of ore. 

Another use of acrofloats is found in the dual-promoter system. Here 
ethyl xanthate is used in conjunction with an aerofloat and affords a sensitive 
means of control of the flotation conditions. 

The introduction of higher xanthates, butyl and amyl xanthates, has been 
found advantageous in certain cases. These are more powerful collectors than 
ethyl xanthate and may be used to replace larger amounts of that reagent to 
float more difficultly floatable minerals. However, at the same time they are 
also 1^ selective in action and may tend to float pyrite. Mixtures of lower 
and higher xanthates in some instances have been found more desirable than 
any one used alone. 

is g«Qerally added in the grinding circuit to allow a long conditioning 
penod. The aerofloats in general require a longer treatment time and may also 
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be added in the grinding circuit. XanthaUd are added between grinding 
dotation. Fro there, pine oU or creeyUc acid, are also added between grinding 
and flotation and may be added as needed during the flotation treatment. It 
haa been found that ample conditioning and aeration of the pulp arc essential 
for efficient depression of p 3 rrite and alw increase the rate of flotation. 

Air-lift, rotating-mat, and mechanically c^tated subaeration machines are 
all successfully usM in large-scale copper concentrators, with a general pref¬ 
erence for pneumatic macMnes in many cases where they ^vc metallur^cal 
results equivalent to those of agitation machines but at lower operating 
costs. 

MtxsD Copper Ores. —Where ores contmn both sulphide and oxidised 
minerals of copper, the treatment process w*ill depend upon the relative pro¬ 
portions of the two kinds of minerals. 

If mainly oxidised minerals are present, the copper is extracted from 
them by leaching and precipitation, and the sulphide copper is not recovered. 
A good example of this was the New Cornelia plant in Arizona for surface 
oxidised ores which were leached with sulphuric acid solution and the copper 
recovered by eleetrodeposition. 

If the copper minerals are mainly sulphides, the ore is given the regular 
flotation treatment for a sulphide ore, employing reagents which may also 
tend to float the oxides. This is practiced in those large copper mills where 
the porphyry ore contains a little oxidised copper. Such mills get over 90 
per cent extraction of the sulphide copper and perhaps 50 per cent or possibly 
75 per cent extracUon of the oxide copper. 

Where the amounts of sulphides and oxides are more nearly the same, 
a straight leaclung process may be used or recourse had to a dual process of 
leaching and flotation. The former is illustrated by the Inspiration plant in 
A risen a which uses sulphuric acid and ferric sulphate to dissolve both the 
sulphide copper and the oxide copper. It then precipitates elcctrolytically 
the copper rrom sand leaching by percolation and precipitates on scrap iron 
the copper obtained from slime leaching by aptaUon. A very attractive 
idea has been that of aptating the ground ore with water and sulphuric acid 
and then, without filtering, adding fine sponge iron to precipitate the copper. 
The pulp containing the precipitated cement copper and also the original 
sulphide copper goes to flotation to recover both the cement and sulphide 
copper in a single combined froth. However, early attempts to apply this 
process were not entirely successful Very recently it has been worked out 
successfully by the Ohio Copper Company for treating the old Lark mill 
tailings at Bingham, Utah. This company has discarded sponge iron and 
precipitates the copper in the pulp by a^tating with scrap iron. The Miami 
plant in Arisona illustrates another method of dealing with this particular 
type of mixed ores by using two separate steps, one an acid leaching and pre¬ 
cipitation step for the oxide copper and the other a flotation step for the 

sulphide copper. . t j • 

Flow Sheets and Results. —Flotation circuits have been discussed id a 
general way in a previous section. Now some specific examples of copper 
sulphide flotation circuits with operating data will be given here to illustrate 

current practices. zs . v j 

The Anaconda Copper Concentrator^ Anaconda, Montana .'—Ore is supplied 
to this mill by mines at Butte, Montana. The principal copper minerals are 
chalcocite, bomite, and enargite. with minor amounts of chalcopyrite, covelUte, 
tetrahedrite, and tennantite. The copper minerab are intimately associated 
with pyrite in a gangue consisting mwnly of quartz, altered granite, and 
feldspars. The ore averages around 5 per cent copper and 12 to 16 per cent 
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lion. The plant is in eight sections, with a total capacity of about 12,000 
tons of ore per 24 hours. 

Ore is crushed to maamum sise in five stages: a gyrato^ break' 

er stage, a Symons coneKinisher stage, and three stages of rolls in closed 
circuit with trommels. The crushed ore is treated as shown in the flow sheet 
of ^ important feature is the separation of primary slimes from 

the crushed ore for separate flotation treatment. In the treatment of the 
deslimed sand portion of the ore the liberation of copper minerals from the 
pyrite by fine grinding and their separation from the pyrite and gangue by 
differential flotation are of importance; whereas in the treatment of the slimes, 
which contun only about half as much iron, the main objects are to eliminate 
very fine siliceous gangue minerals and alumina and to obudn a satisfactop^ 
copper recovery on the more difficultly floatable material which is found in 
the slimes. 
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The crushed ore is fed to Anaconda hydraulic cone classifiers (1) which 
remove as overflow 19 per cent of the dry weight of the feed in a pulp of 3 
per cent solids, this pulp forming the fera to the slime treatment division. 
The spigot products, or 81 per cent of the original feed, flow to Allen automatic 
sand cones (2), each of which dischmes a spigot product to a Hardinge h^l 
miQ (3) operating in closed circuit with a Dorr rake classifier (4). The Allen 
cone overflow is fed to the classifier (4). Overflow products of the rake classi* 
fiers are fed to 15'Cell Minerals S^aration subaeration machines (5) with 
cells 3 by 3 feet in section and impellers 21 inches in diameter. Bach 15-cell 
machine treats about 300 tons of ore per 24 hours, producing final concentrates 
in the first 5 cells, middlings in the last 10 cells, and final tailings. 

Id the slime plant the overflows from the Anaconda desliming cones are 
first thickened to about 20 per cent solids in Dorr thickeners (6). The thick¬ 
ened slime is then agitated with lime in 15-cell Minerals Separation agitator 
machines (7) and fed to the primary flotation machines (8) which make final 
concentrates and primary tailings. These primary machines are of the 
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Callow type, each with 10 pans, 3 by 3 feet in ^se, and each unit treating 
about 300 tons per 24 hours. The primary tilings flow to an equal number of 
secondary Callow machines (9) with 44 pans each, which make middlings and 
final slime tailings, the former being returned to the primary machines for 
retreatment. 

The reagent consumption for both sand and slime divi^ons is summarised 
in Table 56. 


TASLE 66.—RSAOENT CONSITUPTION IN THE ANACONDA CONCENTRATOR 


Re4CMl. 

Found* pOf Toa oJ Malarial TreaUd. 

Saad. 1 

1 

SUae. 1 

1 

Total Oro. 

SuniMl linA ..-.-.... 

m 

SB 

O.M 

s.e 

0.19 

O.OC 

0.01 

o.u 

Sc«afB pine oil . . 

Oo*l tar oil . 

JCa.Cll.J ..C.. aCI 

6.04 

O.BS 

Bodtua tlbyl zanthata.I 


^ • 1 


Typical sizing tests of the feeds and products of the two divisions are 
given in Table 57. 


TABLE 57.—SIZING TESTS Of FLOTATION FEED AND FftODUCTS IN ANACONDA 

CONCENTRATOR 


1 

Wdcbi Pot Coat. 

Moab. 1 

Sand FlMatloa. 

SUaa FlolttioB. 


food. 

Coaeaatrat*. 

TaUia«. 

Fa*d. 

Coaooatrata. 

TaiUni. 

On 48 

0.4 

0.0 

0.4 




On OS 

0.6 

0.2 

7.B 




On JOO 

11.2 

0.9 





On ISO 

9.3 

4.6 


0.7 

o.a 

0.9 

On 200 

16.1 

12,2 


8.4 

O.B 

3.7 

On 900 

0.9 

26.4 


6.9 

2.0 

6.9 

Tbroufb 300 

60.6 

66.4 

46.3 

91.0 

96.9 

89.6 

Total* 1 

100.6 

loo.b 

100.0 

100.0 

ib5T5 

nsTb 


Typical metallurgical results at Anaconda are summarised in Table 58. 
The ratio of concentration is 5.25 into 1. 


TABLE 58.—UETALLURGICAL DATA; ANACONDA CONCENTRATOR 


Ftoduet. 

Woitbt 

Pot Ceat 

Per C*nt 

Per Cant ot 

Pof Cmt. 

Coppor. 

Iron. 

Total Copper. 

Ora fMd .. 

too.o 

6.60 

16.0* 

100.0 


19.98 

00.60 

84.) 

77.77 

Sllmo eoBOontrato... 

6.06 


25.4 

18.47 

Total concantrate. 

Aanrf tailirkff.. .... 

19.06 

09.62 

27.77 

0.24 

94.6 

mm 

Slime tailinc... 

n.42 

0.3$ 



^a«a 1 •■tttnv.. .... 

80.94 

0.256 


3,76 





• EatiiBAlcd by tbe aatbor. 


Miami Copper Company, Miami, Arizona .—The Miami ore is a low-grade 
disseminated copper ore, composed of chalcocite and pyrite disseminated in a 
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schist, with subordinate amounts of oxidised copper imnerals. 
The chalcocite is of secondary origin, occurrii^ chiefly as fiJms on the pynte 
particles. The ore averages about 0.7 per cent copper, of which about 0.1 per 
cent is oxide copper and 0.6 wr cent is sulphide copper. The plant has a 
capacity of 17,000 tons per 24 nours. 

The feed to grinding and flotation is dry crushed by Symons cone crushers 
followed by two stages of rolb, the last rolls being in closed circuit with vibra¬ 
ting screens to give a final crushed product of J-inch maximum size. 

The flow sheet of grinding and flotation in thb concentrator (Fig. 164) 
shows the unusually elaborate scheme of treatment necessary to obtain high- 
grade concentrates with high recovery from the very low-grade ore with its 
finely disseminated copper sulphide. The flotaUon treatment is divided into 
two parts as indicated in the figure. First, a relatively low-grade bulk con¬ 
centrate b produced, carrying substantially all the sulphide minerals of the 
ore. The middlings produced in thb step are reground separately and returned 
for retreatment, and a final mill tailing b discarded. Then the bulk concen¬ 
trate b dewatered, reground, and refloated in three retreatment divisions, 
this time by selective flotation methods, to eliminate as much gangue and 
pyrite as possible and to obtain a bi^h-grade chalcocite concentrate. Thb 
retreatment step requires very fine grinding for liberation of chalcocite from 
pyrite and the use of lime and thorough conditioning for pyrite depression. 

The main grinding and bulk-flotation operations arc carried out in six 
independent units, each having the flow sheet shown in the figure. The 
gnnding circuit b a three-sta^ circuit with a preliminary rake classifier (1) 
which hy-psasea fines, amounting to about 20 per cent of the crushed feed, to 
the tertiary grinding stage. The primary finding stage is a partial closed 
circuit, the classifier (3) overflow going directly to the tertiary stage and 
the sands being divided between the primary and secondary ball mills. 
The secondary and tertiary stages are closed circuits. The ovemow from the 
tertiary bowl classifier (6), which b the final grinding product, b fed to the 
head of an air-lift flotation machine, 100 feet long, of the Miami type (8), 
which produces concentrates, middlings, and final tailings. Each rougher 
machine treats approximately 2900 tons of ore per 24 hours. The middlings 
are ground in a separate middling regrind circuit and returned to the head of 
the rougher machine. The rougher concentrates are cleaned in a 15-foot 
flotation machine of the same type, the tailings of which are fed back to the 
head of the rougher machine. 

In the concentrate retreatment section the combined bulk concentrates 
from the primary flotation are first dewatered by a Dorr classifier (12) and 
two Do^ thickeners (13). The dewatered bulk concentrate b fed to two 
regnnd ball milb (14) which operate in closed circuit with a bowl classifier 
(15). The reground concentrate overflowing the bowl b thoroughly condi¬ 
tioned and then floated countercurrent fashion with three stages of roughing 
U7), (19), and (21) and one stage of cleaning (20) as indicated in the flow sheet, 
l^be fanal clean copper concentrate goes to the dewatering division, containing 

ttuckeners and OUver filters. The retreatment tailings are fed back to 
the head of the rougher flotation machine in section 1 of the primary flotation 
division. This section b operated at higher alkalinity than the five other 

depression of the pyrite and its passage into the final 
null tailings. The tailings from thb section are also somewhat higher in 
copper than those from the five other sections. 

The re^nt consumption per ton of ore treated in the mill is 0 162 
I^und of pine oil, 0.148 pound of potassium xanthate, and 3.343 pounds of 
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Fio. 104.—Grindioa and dotetiOD dow diMt. Mi ami Copper Coupeny. 
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The tabulation of siring tests in Table 59 shows the extent to wWch grind- 
ing of the ore U carried before the bulk flotaUon; and also gives the sis^ of the 
bmk concentrate, of the final concentrate obtained after regrinding and 
refioating the bulk concentrate, and of the final mill tailing. The copper con¬ 
tent of each screen size, the percent^e distribution of copper between the 
different screen sizes, and the composite copper analysis of each product are 
also included. 


TABLS 59.—SIZIKO TGSTS AND SIZE DISTRlBUnON OP COPPER IN UIAMI 

CONCENTRATOR 



Owernl MiU FmO. 

PriBMy Coecentratoo. 

RetrooiiBont 

Coo eoB t ro tot. 

MiU Toillni*. 

M««b. 

Pm 

Pm 

Pft Cent 

P«t 

Pm 

Coat 

Cop- 

pet. 

Pm 

CMt 

Of 

ToUl 

Co^ 

pof. 

Pm 

Per 

m 

Pm 

Per 1 
Cont 1 
Cop¬ 
per- 

Per 

Cent 


G«B(. 

W«lcbt. 

CmI 

C«pp*r. 

of TbCaI 

Coat 

Woitht 

Coal 

Weicht. 

Coiit 

Coi>per. 

of 

TmaI 

Copper. 

Cent 

Wei^t. 

Total 

Cep* 

per. 

Ob 4S 

4.01 


( 

3.4 

6.26 

1.8 

0.0 

\ 


4.6 

m 

m 

On S5 

On lOO 

0.08 

16.4) 

ym 

0.74 < 

0.8 

17,4 

10.62 
14.4» 

6.6 

13.6 

0.8 

0.7 

^24.37 

8l/ 

6.2 

16.7 


Ks 

Oa 160 

0.00 

\f 1 

( 

18. J 

18. •» 

13.2 

2.0 

) 

{ 

10.0 

e89 

HSi 

On 800 
Tfaroufb 
800 

0.68 


4.n 

10,8 


i3.3j 

6.0 

31.86' 

4.6 

6.6 

|£| 

mm 

01.48 

1 10 

16.40 

46.8 

HI 

64.8 

08.1 

84 761 

68 3 

61.0 ' 

0.17 

Hi 

TeoU. 

100.00 

0 rio 

iSSToo 

joe.o 


IQO.OI 

100.0 


1 

mi 

m 

jod .6 


The metallurgical results for the year 1930 are summarised in Table 60. 
The ratio of concentration was 60.4 into 1. 


TABLE 60.—METALLURGICAL DATA I MIAMI CONCENTRATOR 



Welch 1 
Percent, 

1 Pot Cent Copper. 

1 1 

Per Cent of Total. 

P*o CmI 

Per Cent 

Per Ctni 

Product. 

S^IpkiOr, 

OeMt. 

_ _1 

Tofel. 1 

Soipbido.l 

Cc^por. 1 

1 J 

Total 

Copper. 

Iren. 

Ineolu* 

ble. 

Mo;e- 

ture. 


100.0 

1,66 

68.34 

0.604 

0.084 

0.112 

O'OM 

0.716 

I 84.18 
' 0.163 

m 

100.U 
76.6 
81.1 

22.6 

B 

14.3 


Coste per ton of ore treated were: coarse crushing and conveying, 10.058; 
fine grinding, W.09I; flotation, 10.059; retreatment of bulk concentrate, 
$0-017; dewatering and disposal of concentrate, $0,006; disposal of (ailing, 
$0,012; water, $0,024; general mill expense, 10.029; total $0,296. These low 
cost figures illustrate the effect of large plant size and large unit capacities of 
equipment. An ore as low grade as the Miami ore can only be treated at a 
profit by large-scale low-cost operation. 

The ConeeTitraior, Noranda, Quebec .—The Noranda concentrating 

ore is a massive sulphide ore, containing chalcopyrite, native gold, and gold 
t^uride as the economic minerals, and with pyrite, pyrrhotite, and siliceou.s 
minerals making up the major part of the gangue. The ore treated during 
1^3 had the following average mineralogical composition: ch^copyrite, 
6.8 per cent; pynte, 22.1 per cent; pyrrhotite, 51.5 per cent; magnetite, 0.5 per 
cent; sihca and silicates, 18.3 per cent; gold, 0.15 ounce per ton, both native 
and telluride; silver as argentite, 0.35 ounce per ton. In developing the treats 
ment method for this ore, the outstanding problem was to obtain a good 
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recovery of the gold which b associated rather intimately with the pyrite and 
p3Trhotite. 

The present concentrator (1936) has a capacity of 3000 tons of ore pei 
24 hours. Feed to the concentrating division b crushed to about J inch in ja? 
crushers, cone crushers, and rolls. 



Orcmt 


Pnmery end Secondery 
Copper Ftotetien 


<6) frsf Rougher Machines 


(7) S econd Rw^her Mach ines 
Ceric 

<S) deener lilechine s (9) Thrt pLeher Machs. 
"I Cm Tedindi Cm T«jngs 


(lOTariii 


:hef Machs. 


Primary andSecondary 
Copper Concentrate 


Talin^S 


(II) Aerators 


Tertiary Copper Flotation 


Terhary (1$) First Rou^r Machs. 

Crcort f- 1 

^ Tail I ft t* 

(Fa) C ^anerMechine s (IS)Second Rougher Machs. 

Cylo C no. Tailings 

^ • i (16) T hird Rougher M achs. 

Conc> Tailpgs 

1 [l 7 )Tadngs Rougher Machs. 
Coftc- Tniings 
lo*IS 


Crush^ Ore()4HndO 
(0 Primary^ Ball Milts 
(2) Trommel Hnnch holes 


(4) Secondary'Onndmg Crcwt 


Tertiary Co^er Concentrate 


Fro. 166o.~Grin<lina aod do(a(ioQ Sow •be«t, Noraoda eoaeentrator. 


The doTV' sheet of the concentrator is ^v'en in Figs. 165a and 1656. The 
treatment sequence may be briefly summarised as follows: Oopper is floated 
first. Then pyrite is floated from the copper-circuit ttuUng and re-treated by 
fiotation and rcgrinding in a separate pyrite circuit, the re treatment tailings 
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cyftnided. The tailings from the first or main pyrite flotation circuit, 
^^iing mostly of the pyirhotite of the ore, are passed over blankets for 
recovery of coarse free gold and then are reground and treat^ agwn by flota¬ 
tion for further gold recovery before passing out of the mill as final tailin«s 
cont^iuDg the gangue and most of the pyrrhotite. The copper and gold 
^centrates from these steps are combined for d^very to the smelter. Spa^ 


From 17 
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]66t.—Grioding *nd flotation flow aho«t. Noranda eoneontrator (confiau«d>. 


does not permit detailed discussion of the flow sheet, but major features will 
become clear after a careful study of the flow sheet. 

Prolonged aeration, in unite (5), (11), (26), and (32) in Fig. 165, before each 
flotation treatment was found most essential to obtain the desired results. 
Incidentally, it should be noted that the aerators in the first or copper-flotation 
circuit and also in the last circuit of floating gold from pyrrhotite function as 
classifiers as well, underflowing sand products to grinding mills. Also experi¬ 
mental work showed that the amount of aeration necessary depends on 
the total surface area of the sulphide particles in the ore. 
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Another point of intereat is the pyrite rctreatment circuit. The flotation 
machines, (33), (34), the regrind mills (36), and the Noranda classifier (35) are 
in a single closed circuit, with the final pyrite retreatment tailings overflowing 
the classifier to cyaniding. This clasrifier ia a locally developed machine, and 
overflows a product 96.3 per cent minus 325 mesh. The arrangement thus 
is such that the flotation machines (33) treat not only the new feed from (23) 
but also the circulating load from (34) and (36) which is equal to 300 or 400 
per cent of the new feed. Important reasons reported for the adoption of thb 
type of circuit wore as follows: (1) A better recovery of copper could be made 
by giving the chalcopyrite a chance to float before, instead of after, the regrind. 
(2) Closed*circuit flotation gave the gold a chance to float as soon as it was 

S round free and reduced the possibility of overgrinding it. (3) Similarity of 
otation. and aeration conditions made the use of two separate circuits, one 
before and one after the regrinding, an unnecessary duplication. Somewhat 
the same type of closed circuit in a modified form is used in the final or pyrrho- 
tite retreatment circuit, in which the bowl classifier overflow constitutes the 
mill tailings, and the circulating load or bowl clasrifier sand passes through 
the regrinding and flotation machines. 

An interesting characteristic of the flow sheet as a whole is the manner in 
which the various grinding and regrinding circuits are carefully worked in with 
the concentration steps. The ore is such that unusually fine grinding is 
required for liberation of the valuable constituenU, gold in particular, from 
pyrite and pyrrhotite. The treatment method provides for separate grinding 
of each important ore constituent to its economic limit with a minimum of 
overgrinding. 

Table 61 summarises the metal recoveries and ratios of concentration in the 
mill as a whole from April to July 1934. At the time these data were taken 
the tailings from the p>^te retreatment circuit were not cyanided as shown in 
the flow sheet given in Fig. 166, and the recent addition of cyaniding to the 
treatment procedure accounts for a further recovery of gold. 


TABLE 61.—MBTALLOltGICAL DATA; NORANDA CONCENTRATOR 


Clrcvit. 

P«r C«Bt Recovery. 

Rotio of Coneentrotien. 
on Mill Ueode. 

Copper. 

Gold. 1 

eoppvr circuit. 

SOS 

I.OS 

6S.08 

S.J2 

fU 

$.34 into 1 
$$.$ into 1 

A$.3 into 1 

Pyrite Ktrind cUcui:. 

Pyrrbotit* rtsvind ctrcuil. 


M.SO 

70.13 

3,24 Into 1 



Tables 62, 63, and 64 give further detailed data on the pyrite flotation 
circuit, the pyrite retreatment circuit, and the pyrrhotite retreatment circuit, 
respectively. 


TABLE 62.—PYRITE FLOTATION CIRCUIT; NORANDA CONCENTRATOR 


Products. 

Pet Cent 
Copper. 

1 

Per Cent 
Pyrite. 

Ounres 
Gold 
per Ton. 

Per Cent of Tolol, Baaed oo 
Feed to Cireult. 

Ratio of 
Ceii«eittratioa, 
Baaed oo Feed 
to Circuit. 

Copper. 

Pyrite. 

, Gold. 



u.s 






^onAeBtretfl. 1 


S3.S 

O.I4S 

30.4 

7S.S 

43.S 

7.1 ioto 1 


0.12 , 

3.S 

0.032 
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•CAShS 63.—PTWTB RETRBATMENT CIRCUtT; NORANDA CONCENTRATOR 


Produeta. 

Par Cvot 
Copp«T- 

Ouacaa 

Gold 

p«rTo0. 

Per Cent d Total. | 

Ratio of ConooDtcatlop. 

Baaed oe P««d to 
Retreatraeat 
Circuit. 

Baaed oa Feed to 
Main l^rita 
FloCalion. 

1 

Baaed on 
Paed to 
treatment 
Circuit. 

Baaed on 
Peed 

Main 

Fyrile 

notatiOB. 



Copper. 

GM. 

PMd . . 

. 

TiOinC*. 

0.79 

4.M 

0.14 

D.14S 

D.490 

O.OM 

Sl.M 

41.66 

41.0 

IS. 10 

7.0 into I 

66.0 into 1 


TABLE 64.—PTRftHOTITB RrTREATlIENT CIRCUIT; NORANDA CONCENTRATOR 


Produeta. 


Ouneaa 
Oeld 
per Ton. 

Par Caat«( Total. 

Ratio of Concentration. 

Baaed oa Peed to 
Pmbotite 
Cireuii, 

Baaed on Peod to 
6fein Pyrita 
Rotation. 

Baaed on 
Peed to 
Pyrrbotite 
Cirouit. 

Beeed on 
Feed to 
Main 
Pyriu 
Flotation. 



C^per. 

Cold. 

CenaeBirau. 

TaUlDfi. 

0.117 

1.64 

O.OSS 

0.032 

0.406 

0.000 

88.4 

SS.4 

14.1 

81.S 

40.6 into 1 

tr.Uoto 1 


Native Copper Ores. —Nstive copper \n s sufficiently fine state of sub¬ 
division is really floated by the common collectors in slightly alkaline circuits. 
Its malleability and resistance to comminution, however, prevent the applica¬ 
tion of dotation to the concentration of the portions of the ores containing large 
grains and nuggets of copper. It is most valuable when used with granty 
concentration processes as a supplementary method for recovery of the fine 
copper. This is illustrated by the procedure at the Calumet and Hecla mills, 
described in Chapter XVI. 

LEAD, SIKC, AND LEAD-ZINC SULPHIDE ORES 

Flotation is used in the concentration of simple lead sulphide ores, simple 
zinc sulphide ores, and complex lead-zinc sulphide ores. The complex lead- 
sine ores usually contain also iron sulphide and are the most important from a 
commercial standpoint, but at the same time they have been the most difficult 
from a metallurgical standpoint. Up to the time of introduction of dotation a 
large number of ores of this type conUuning relatively high percentages of 
both lead and zinc were of little value in spite of their high metal content. 
Zinc is heavily penalised by lead smelters, and lead is not recovered at all by 
the usual zinc retort smelter. On the contrary both smelters place premiums 
on high-grade products. As a result of this situation differential flotation 
methods by which separate high-purity products of both lead and zinc are 
produced from these ores are now practically universally applied. 

Galena is one of the most easily floated of the metal sulphide minerab. It 
responds to the common collecting reagents over wide ranges of pH. Excess 
lime in the flotation circuit may inhibit its flotation, however, and this condi¬ 
tion has led to the use of soda ash as a pH mo^fying reagent instead of lime. 
Lime is particularly bad when mill water is reclamed and reused. 

Sphalerite and marmatite, on the other hand, are among the most diffi¬ 
cultly floated metallic sulphide minerals. They do not respond efficiently to 
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the common collectors without previous activation. The use of more powerful 
collectors, such as long hydrocarbon chjun xanthates, is out of the question 
because of their lack of selectivity in floating complex ores. Copper sulphate 
is universally used as an activating agent and brin^ about a high zinc recovery. 
In differential flotation of lead and zinc, sine sulphate and sodium cyanide are 
usually used to accentuate the nonfloatable qualities of sphalerite and marma- 
tit5 and to insure their deactivation and non flotation in the lead circuit- 
Sodium .sulphite has also been used to a limited extent for this purpose instead 
of cyanide. The effects of these depressing reagents are readily neutralized 
by the subsequent addition of copper sulphate in appropriate quantities in 
the zinc flotation circuit. 

In addition to the siliceous or calcareous gangue, p 3 Tite or pyrrhotite, 
which is usually present in lead-zinc sulphide ores, must be prevented in so far 
as posable from floating with the lead or rinc products. In the lead circuit 
the zinc depressing agents also act as iron depressors. This action may be 
augmented to some extent by the use of thiocarbanilide or aerofloat as collecting 
agent, as these reagents are more selective in not floating iron sulphide. In 
general, however, xanthates form the basis of the lead-collector system. The 
depression of pyrite and pyrrborite in the sine circuit is on the whole more of a 
problem. Moreover, from the smelting viewpoint, the presence of iron in 
zinc concentrates is much more undesirable tnan it is in lead concentrates. 
The zinc-iron separation is actually accomplished in practice by control of 
several factors: lime concentration and pH, pulp conditioning period prior to 
flotation, collector and frother amounts, and quantities of cyanide and copper 
sulphate added. In localities where iron sulphide has commercial value, 
for example, in sulphuric acid manufacture, the pyrite may be floated aher 
load and zinc by neutralising the pulp with sulphuric acid, sulphidizlng with 
sodium sulphide, or simply by adding an additional quantity of collecting 
agent. 

Provisions for pulp conditioning prior to lead flotation and between lead 
and sine flotation are very important to allow time for the proper action of the 
various reagents on the minerals. Contact periods of from 10 to 30 minutes 
or even more are provided at these points in practice. Pyrite and pyrrhotite 
depression are favored by the surface oxidation occurring during conditioning. 
The various modifying agents and the insoluble collectors (thiocarbanilide, 
liquid aerofloat) are add^ in the grinding circuit or at early points in the 
conditioning treatment. Xanthates and soluble aerofloats are added late in 
the conditioning treatment or with the frothing agent immediately before or 
during flotation. The following paragraphs show the ranges in pounds of 
each reagent per ton of ore treated for the various reagents which may be 
used for the lead, zinc, and iron circuits in succession. 

Lead circuit: soda ash or Ume, 1 to 6; xanthate, 0.02 to 0.10; thiocarbaniHde, 
aerofloat, etc., if used, 0.05 to 0.20; sodium cyanide, 0.10 to 0.40; zinc sulphate, 
0.30 to 1.20; sodium sulphite, if used, 0.50 to 2.00; cresyllc acid or pine oil, 
0.02 to 0.15. 

Zinc circuit: lime or soda ash, 1 to 4; copper sulphate (Cu$04*5Hs0), 
1 to 2; xanthate, 0.10 to 0.20; aerofloat, 0.05 to 0.20; pine oil or cresylic add, 
0.05 to 0.15. Either xanthate or aerofloat may be used alone or they may be 
both used in the dual-promoter system. 

Iron circuit, if used: ethyl or amyl xanthate, 0.05 to 0.20, with or without 
0.10 to 1.00 so^um sulphide, or sulphuric acid to neutralization; pine oil or 
cresylic acid, 0.05 to 0.10. 

Pulp density in lead and zinc flotation practice is maintmned materially 
higher than in copper flotation to reduce reagent consumption, which depends 
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to a Iws® extent oa the amount of water in the pulp. Average pulp density is 
32 to 35 solids by weight. Partially for this reason, perhaps, agitation 

juacbines have been generally used in the past in preference to pneumatic types 
for roughing purposes, with some tendency to use the latter for copc^ntrate 
cleaning ana recieamng. Now, however, the preference for use of agitation 
roughers with pneumatic cleaners seems to have largely disappeared. 

Flow Sheets akd Results. —Complete lead and anc n^ls are discussed 
in Chapter XVI. At this point one illustrative example of the procedure and 
results in flotation of a lead-tinC'iron ore will be ^ven. 
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The Balmat Mill, St. Joeeph Lead Company, Balmal, New York .—The ore 
treated in this plant contains pyrite and spbsderite, and a smaller amount of 
galena, in a gangue consisting of dolomite, quarts, and siiiceous minerals. 
The mineralogical composition of the ore (1930) U about as follows: sphalerite, 
20 per cent; pyrite, 24 per cent; galena, 2 per cent; magnetite and hematite, 
5 per cent; and the rem^der, noninetallic gangue minerab. The present mill 
is designed to treat approximately 500 tons per 24 hours. 

The feed to the notation circuit b crushed to i inch in a jaw crusher, 
gyratory crushers, and roUs circuits and then ground to flotation size in a 
twcrttage grinding circuit. The primary grinding stage consists of a rod- 
mill Dorr-classifier circuit, and the secondary stage consists of a ball-mill 
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Hardinge-classifier infcuit. The overflow of the Hardinge classifier constitutes 
the feed to flotation. The flotation flow sheet is given in Fig. 166. 

Lead, sine, and iron concentrates are made in three similar flotation circuits 
in series, using St. Joe pneumatic machines as rougher machines, and Denver 
subaeratkon machines for concentrate cleaning. The St. Joe machines arc 
pneumatic machines of the air-jet type, each 36 feet 6 inches long with forty- 
eight 3-knch down pipes. The down pipes are flattened at their lower tips 
to form slot jets. Each machine requires 4200 cubic feet of air per minute 
at li pounds pressure per square inch in the lead roughers, and at 1 pound per 
square inch in the zinc and iron roughers. The le^ rougher concentrate is 
cleaned in four 24-inch Denver subaeration cells (2), (3), (4), and (5), connected 
countercurrent fashion as shown. The zinc cleaning system and the pyrite 
cleaning system each involve two steps, cleaning and recleaning- Each of 
these two steps in each ca.se uses four ^inch Denver subaeration cells. Two 
conditioning tanks (7) and (8) are used ahead of zinc flotation, the former 
12 feet in diameter by 12 feet in height (1357 cubic feet) and the latter 10 feet 
in diameter by 12 feet in height (^2 cubic feet). Three 12- by IWoot con¬ 
ditioners (14), (15), and (16) are used ahead of pyrite flotation. No thickeners 
are used in this mill for concentrate dewatering, the concentrates being fed 
directly to Dorreo or Oliver filters. The zinc and iron concentrate filter 
cakes are dried further in Ruggles-Coles driers of the rotary-kiln type, giving 
final concentrates of 3 per cent moisture or less. Reagents used in flotation 
are summarized in Table 65. 


TABLE 65.— REAGENT CON80UPTION IN TUB BALUAT MILL 

^ Pouad« OPT Too 

R04COOU. of Or«. 

n«4Ctnio to oacap ot iMod of ei/cuit: 

PotOMiuB tulboto.O.OIS 

Crooyhc o«id. 0.036 

SodtuBk cyofildo. 0.010 

AfAitontj oadod to lood circuit lodiofo <•!■« drcull food): 

PotaMiunt lonCKolo. .O.OSI 

Coppor oulpbot*. 1.21) 

Pin# oil .0.S47 

SodiuB ocrofloot. 0.068 

Lim« .... . .i.iiO 

Okie odd. 0.0066 

RcoienU added to line circuit tojliooi <|>yrit« circuit feed): 

PotAMium aonihotc.0.330 

AcroSoot No, 3). 0.068 


GOLD AND SILVER ORES 

A large part of the production of precious metals, silver in particular, 
comes from the copper, lead, and tine base-metal ores, usually sulphides, of 
both the simple single basc-metal type and the complex two or more base- 
metal type. The gold and silver are definitely associated w’ith certain base- 
metal minerals, including also iron sulphide w'hich is usually a constituent of 
complex ores, and appear in the ba^metal or iron concentrates. In the 
case of complex ores it is desirable, whenever possible, to carry the precious 
metal values into that product in which they will have the greatest market 
value, for example, into lead or copper concentrates rather than into zinc 
concentrates. Association of gold and silver with pyrite or other minerals, 
valueless in themselves, may justify the flotation of these minerals in a separate 
product to be benrfleiated further by cyaniding, amalgamation, or smelting. 
This procedure is illustrated by the Noranda mill already described. 

Ores in which gold is the only important economic constituent may be 
geuerally cla&sifled into several groups: (1) pyritic-gold ores, (2) free-gold ores, 
(3) tclluride-gold ores, and (4) oxidized-gold ores. Flotation has been applied 
in various ways in the treatment of all these types. However, it cannot be 
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said that all*flotation is universally applicable lor any one given ore type 
The mineralopcal nature of association of the gold, the fineness of dissemina¬ 
tion and the condition of the gold, all exercise important influences in the 
choice of treatment procedure. There is a general tendency to use flotation in 
conjunction with other processes. Such use may show advantages over either 
fiotation alone, or one of the other processes used alone, in recovery, form and 
auality of product, plant installation costs, treatment costs, or in other perti¬ 
nent considerations. Several factors to be considered in the flotation of gold 
ores will he taken up in the following paragraphs. 

Free metallic gold coarser than about 65 mesh is not efficiently recovered by 
flotation. Gold is not susceptible to grinding except by slow abrasion; hence 
ores containing very coarse ^Id should have other provision than straight 
flotation for its recovery. It is advantageous to remove coarse gold from the 
grinding circuit to prevent accumulation, abrasion, and losses at that point, 
^^algamators, jigs, unit flotation cells, hydraulic gold traps, and other devices, 
connected ffirectly in the grinding circuit, show marked advantages in the 
early recovery of coarse and medium-coarse free gold. Such installations may 
ia some cases, as a matter of fact, account for a majority of the recovery of 
values in the whole mill, at the same time yielding a rich granular product of 
low bulk. 

The mode of association of the gold will have an important bearing on the 
flotation procedure. In free-milling ores, of course, the gold is readily liberated 
by grinding. In some ores, however, the gold in metallic form may be intim¬ 
ately associated with pyrite or other sulphide minerals to such a degree that 
grinding for complete liberation of the gold would be totally out of the question. 
Under such circumstances the gold-bearing minerals must be floated in the 
concentrate. Thus the mode of association largely determines the grade of 
product which can be made by flotation. Microscopic work has recently 
assumed a function of considerable importance in this regard in the investi¬ 
gation of gold flotation. 

The surface condition of free gold has a pronounced effect on its recovery 
by flotation. Gold occurring with rusty or tarnish coating of, for example, 
iron oxide is refractory to flotation treatment. Inhibiting slime coatings may 
be formed on the surface of gold particles during grinding and other preliminary 
treatment. This is particularly true if the gold is forced to circulate for long 
periods in the grinding circuit and become plastered with gangue. The 
natural existence or formation during treatment of inhibiting coatings, if not 
susceptible to control, may totally prevent application of flotation or at least 
make the use of supplementary processes imperative. 

Just as is the case with sulphide minerals, colloidal particles of gold and 
even particles up to the sise of 1 micron and coarser are not floated efficiently, 
and therefore prolonged abrasion of gold during grinding should be avoided. 

Free ^Id floats more slowly than the common sulphide minerals. Longer 
conditioning and flotation times are thus essential. High pulp density and 
intense agitation conditions have been recommended as affording best flotative 
results. 

Under some conditions flotation alone may not give a high gold extraction 
but is advantageously used before cyaniding as a means of segregation of the ore 
into two portlor^, each of which may be separately cyanided under more 
favorable conditions than if both were to be treat^ simultaneously. For 
example, a portion of the gold may be intimately locked with pyrite so that 
very fine grinding is required for its recovery, although the remaning portion 
of the gold which is in the gangue may be cyanided efficiently with much less 
grinding. The flotation of the pyrite after primary grinding and its separate 
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regnnding before cyaniding make possible a high extraction by cyaniding, 
at the same time avoiding excessive expenditure for fine grinding of the wh<?e 
OMUL of the ore.^ Flotation may also be of similar use for segregation oi 
cyanicides, that is, minerals which greatly decrease cyaniding efficiency and 
increase cyanide consumption. In this case the small bulk of flotation 
concentrate containing the cyanicides may be roasted before cyaniding, the 
combined process thus having high cyaniding efficiency and low cyanide con¬ 
sumption with low outlay for installation and operation of roasting equipment. 

The form of the final product is in some localities a very important item in 
the comparison of methends. Amalgamation and cyanidation recover gold in 
the form of bullion, whereas flotation and gravity concentration give a granular, 
relatively bulky concentrate of widely varying content of values. To save 
freight and smelting charges, the flotation concentrate, if amenable to cyanid¬ 
ing, is often reground and retreated by cyaniding, with excellent results and 
at a much lower combined cost than the large-scale fine grinding and cyanid¬ 
ing of the whole ore, Amalgamation of flotation concentrate is also used 
occasionally for the same purpose. 

Corduroy has been gaining a wide application in the recovery of free gold, 
largely at the expense of amalgamation- Flotation followed or preceded by 
corduroy table treatment gives excellent results in some cases. Mills using 
corduroy-flotation flow sheets have relatively simple layouts and may be 
built and operated at low expense. 

From the above considerations it is apparent that the selection of methods 
for beneficiation of gold ores should be very carefully made on the basis of 
thorough laboratory testing and, when possible, pilot-mill testing of the ore to 
be treated, with due consideration of the various economic factors involved. 
In flotation testing, factors to be particularly investigate are percentage 
recovery of gold, grade of tailing, grade of concentrate, nature of tailing 
losses, recovery of coarse gold and grinding losses, costs, amenability of 
concentrate or both concentrate and tailing to further treatment, and liber¬ 
ation and grinding requirements. AU-flotation plants have l^cn built and 
operated, some very successfully, others un.successfuUy. Where applicable, 
flotation offers the advantages of plant simplicity and compactness with low* 
installation and operating costs. 

The xanthate and acrofloat types of collectors are both used in gold 
flotation. The higher molecular compounds, such as amyl xanthate, are 
usually found to give better results owing to their greater collecting power 
and faster rate of flotation. Neutral or slightly alkaline circuits are mun- 
tained by the use of soda ash, as Ume teni£ to depress free gold and gold- 
bearing pyrite. Protective colloids, such as starch and glue, are us^ to 
disperse colloidal material and to prevent contamination of the concentrate 
with gangue or carbonaceous matter. Pine oil and cresylic acid are used as 
frotbers. Copper sulphate is useful for activation of gold-bearing pyrite, 
and also it seems to have an accelerating effect on the flotation of free gold 
as well. Sodium sulphide has been used for sulphidising oxidised-gold ores, 
but its use is questionable as it also tends to depress free metallic gc^d. 

Mechanical agitation machines of the subaeration type are commonly 
used for gold flotation. The use of the unit cell in the grinding circuit has 
been mentioned previously. The following mill description illustrates the 
application of flotation to gold ores. 

MclTUyre-Porcupine Mines, Limited, Schumacher, Ontario .—McIntyre gold 
ore contains pyrite, quartz, porphyry, and schistose basalt. The gold is associ¬ 
ated with both pyrite and quartz, the former mode of occurrence predominating. 
The pyrite content varies between 3 and 15 per cent, averaging about 8 per 
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eent, while the quarts content averages about 55 per cent. The average 
gold assay is about 0.37 ounce per ton (19^). The flotation plant has a 
capacity of 2100 ^na of ore per 24 hours. 

The feed to grinding and flotation is crushed to -fg inch by passage through 
^ jgw crusher, a S^^ons cone crusher^ and a roUs-screen closed circuit. The 
flow sheet of grinding and flotation is given in Fig. 167. In this flow sheet 
flotation is used to separate free gold and the gold-bearing pyrite from the 
main bulk of ore after a relatively coarse grind. The flotation concentrate is 
subsequently finely ground and cyanided for recovery of the gold. 

Referring to the figure, the ore is ground in a tub^mill unit-cell rake-classi¬ 
fier circuit to a fineness of 6.2 per cent on 65 mesh and 57.3 per cent through 
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Pto. 167.—Qriodlos and floUlion fiovrstwet. McIotynj-PorcupiDe MIhm. Limited. 

200 mesh. The unit cells treating the tube-mill discharge operate at a pulp 
density of about 50 per cent soli^. Formerly the unit cel£ were operated 
without the hydraulic cones and recovered 60 per cent of the ore gold value* 
the cones now recover gold too coarse to float and have raised the recovery 
from the grinding circuit to 76 per cent, at the same time lowering the assay 
of the fin^ mm tailmgs. Classifier overflow, of fineness already specified above, 
18 Seated in the pnmary flotation circuit, being divided between eight Denver 
subaeration machines. Tailings from primary flotation pass to a similar 
secondary notation circuit; the secondary circuit tailings pass out of the 
mill as wwte. All flotation concentrates are combined and pumped to the 
cyanide plant (not shown in Fig. 167), where they are ground to 326 mesh and 
cyamded for recovery of gold bullion. About 50 tons per 24 hours of the 
final flotation tailing are diverted over a Wilfley Ubie, which serves as a pilot 
machine for the guidance of the flotation operators. 

in obtained in this concentrator (1933) are summarised 
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TABLE 66.—METALLUBOICAL DATA; McINTTRE CONCENTRATOR 


Prgduet, 

W«t«b( 

PotCmI. 

1 Per C«et 
' Pyrllo. 

Ogncee 
Gold p«t 
Tm), 

P«r Cent 
of Toul 
Gold. 

Mill fMd . 

106.0 

11.1 

ss.o 

S.2J 

64.69 

0.10 


97.06* 

96.90 


MiU Uilinfi. . 

0«ld bullion. 





* 76.00 p«r cent froi« gnit celb: 21.06 per «*Pt <rom drevU. 

T Geld preciptUCe uMye 96.20 per cent geld: finel cdd buUioo centeina M.IO per cent (Old. 


Co»t$ per ton of the various steps in the grinding and flotation division are: 
tube milling, 12.04 cents; classification, 1.00 cent; flotation machines, 6.16 
cents; reagents, 7.72 cents; and miscellaneous costs, 8.51 cents; total, 86.33 
cents per ton of ore. 

MEBCELLANSOOB COMPLEX 8VLPBIDE ORBB 

CoppBB-LBAO Sulphide Ores. —Separation copper and lead, which 
occur together occasionally, has been commercially practiced in two ways: 
by floating the copper and depressing the lead and by floating the lead and 
depressing the copper, Both of these methods are applied to a bulk copper- 
lead concentrate produced by a collective flotation process on the original ore. 

Copper minerals are floated away from galena by using 0.2 to 0.4 pound of 
sodium dichromate per ton of ore to depress the galena. Galena is floated 
away from copper minerals by the use of sodium cyanide in circuits made alka¬ 
line with soda ash to give a pH of 9.0 to 10.0. The presence of a variety 
of copper minerals may cause difficulties in the separation, as the depressing 
action of cyanide is different with different copper minerals. From 0.5 to 
1.0 pound of cyanide per ton of ore may be required. 

COPPER-sme Sulphide Ores. —Copper minerals are floated away from 
sphalerite and marmatite when the common sine depressants, sodium cyanide 
and zinc sulphate, are used. However, the separation is somewhat more 
difficult than the corresponding lead-zinc separation. (1) The presence of 
copper minerals with zinc minerals in the same ore may induce a certain 
amount of activation of the zinc. The copper minerals tend to oxidize to form 
soluble copper salts w*hich react with the zinc sulphide to give a floatable 
copper sulphide surface, thus activating the zinc in just the same way as copper 
sulphate expressly added for the purp^ of floating zinc in general practice. 
(2) Real amounts of the zinc depressing reagents also tend to prevent the 
flotation of copper minerals to some extent. The latter difficulty has been 
overcome in some degree by the use of more powerful collectors such as butyl 
and amyl xanthates. 

At the Britannia mill in British Columbia the following scheme is used for 
concentration of a copper-zinc-gold-iron ore. The ore is ground coarse and a 
bulk-sulphide concentrate floated, confining all the valuable minerals of 
the ore. This concentrate is reground with cyanide and zinc sulphate and the 
copper floated with butyl xanthate. A middling product is returned to the 
regrinding circuit. Zinc is floated from the tailing of the copper flotation 
with butyl xanthate after 30 minutes conditioning with lime and copper sul¬ 
phate. P 5 Tite is then brought up from the tailing of the zinc flotation with 
additional copper sulphate and ethyl xanthate. It was found that the copper- 
zinc separation depended to a great extent on the conditions in the grinding 
circuit, thorough cleaning of the pailicl^ of anc mineral by attrition being 
necessary for efficient action of rinc depressors added at that point. 
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^ppsivLBAD*ziKC-’iBON StJLPHiDE 0 re8. —This gToup of ores involves 

new principles not discussed in previous sections. Copper-lead, sine, 
and iron are floated in sequence in the primary circuit as three separate con¬ 
centrates; the copper and lead are then separated fi'om each other in the 
secondary dreuit. 

Cc>pp6B-KicK£i/ StTLPHtnn Obes. —The application of flotation to copper- 
nickel ores is based on somewhat different considerations than its appUcations 
to other ore types. A rough separation of cop|>er and nickel is possible, but 
it may or may not be useful, depending on the grade of ore and the subsequent 
refining process. Chalcopyrite, pentl^dite, and pyrrhotite in rather intimate 
association and siliceous gangue form the major part of these ores. Pyrrhotite 
can rarely be rejected because it contains nickel in some form. Hence the 
flotation operation may be of the bulk-sulphide flotation type with a low 
ratio of concentration. Sufficient silica is eUminated to make the product a 
desirable self-fluxing mixture for the subsequent metallur^cal treatment. 
General practice has been to leave the rich ore in the lump form and to con¬ 
centrate the reminder to discard a loa*-grade tailing rather than to obtain 
a high-grade concentrate. However, in the mill of the International Nickel 
Compaoy, which represents the most advanced practice in copper-nickel 
flotation, a fmrly efficient separation is made. The mine ore averages about 
3 per cent copper as chalcopyrite, 2 per cent nickel as pentlandite, and 15 per 
cent sulphur mostly as pyrrhotite which forms 30 per cent of the ore. The 
pentlandite is finely dis^minated in the pyrrhotite. The ore is reduced by 
crushers, rolls, and rod mills to 4 per cent on 48 mesh for flotation. The 
rougher cells make a bulk-concentrate froth. This undergoes three successive 
steps of differential cleaning to build up a richer and richer copper froth until 
the froth from the third step forms the final copper concentrates. The pyrrho- 
tite tailing from the first step forms the final nickel concentrate. The tailings 
from the second and third steps are each relumed to join the feed to the first 
and second steps, respectively. The rougher tails go through two steps of 
scaveo^ng to recover additional nickel concentrate. The separation is based 
on the fact that chalcopyrite floats before the pyrrhotite. The reagents are 
lime, soda ash, amyl xantbate, and pine oil. A little copper sulphate is also 
added at the head of the scaven^ng steps. The copper concentrates assay 
29 per cent copper and 0.9 per cent nickel, and the nickel concentrates assay 
1.25 per cent copper, 4.85 per cent nickel, and 65 per cent pyrrhotite. From 
100 tons of ore the ^eld is 8 tons of copper concentrates, 37 tons of nlckel- 
pyrrhotlte concentrates, and 55 tons of tailings. Each of the two classes of 
concentrates is smelted separately to recover both copper and nickel, but the 
metallurgical treatment is simpler, is more efficient, and gives higher economic 
recovery than the smelting of a single grade of bulk-flotation concentrate. 

Molybdenum StJLPHiDB Ores.—-M olybdenite (MoSi) is one of the most 
easily floated minerals. A small amount of insoluble oil and a frothcr are 
usually sufficient. Marketing requirements call for a very high-grade con¬ 
centrate, however, and the P 3 nite and chalcopyrite usually present in molyb¬ 
denum ores must be kept out of the final product in so far as possible. This 
is accomplished by avoiding the use of chemical collecting agents and by 
adding cyanide. 

In the mill of the Climax Molybdenum Company at Climax, Colorado, 
tbs rejection of dliceous gangue and p^te is accomplished by fading the 
ore to 35 mesh for the roughing flotation step to make final tailings. The 
rougher concentrates are reground to 200 mesh and put through four successive 
steps of cleaning flotation. The t^ngs of the cleaners go back to the roughers. 
The only reagents used are 0.25 pound of sodium cyanide per ton to depress 
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pynte mdO.^ Hercules nuddol per ton as a frother and coUectoi 

tor molybdenite. This is a special sfeam-distiUcd pine oil The ore assays 
per cent MoSj, the final concentrates 90 per cent, and the tailings 0.08 
per cent* 

A recent important development is the recovery by flotation of molybdenite 
found in a number of copper sulphide ores. The molybdenum assay of those 
ores IS veiy low, being in the case of porphyry coppers less than 0.05 per cent 
Ihe practice m the Greene Cananea mill has been to employ starch as special 
depressing apnt for molybdenite during the copper flotation and then to 
noat the molybdenite from the tailings of the copper flotation by using the 
special promoting quality of kerosene. In the porphyry copper mills the 
molybdenite is first floated with the copper as a bulk concentrate assaying 
1^ than 1 per cent molybdenum. This bulk concentrate then goes through 
the second step where the molybdenite is floated from the copper. This is 
easily accomplished by ordinary reagents, provided the xanthate coating 
formed on the particles of copper mineral in the bulk flotation is first destroyed. 
This can be done by steam beat or more efficiently by a short flash roast. An 
alternate method is to use any chemicals which can react on the xanthate 
coating and decompose it. 


ubtaluc oxidized orbs 

The commercial flotation of oxidized minerals of base metals has been 
confin^ to the oxidized ores of lead and of copper. Two methods are in 
g?n€wl available for such ores: (1) $ulphidizing, usually by sodium sulphide, 
and flotation by reagents ordinarily used on sulphide minerals of these two 
raetab; (2) use of fatty acids and other high molecular compounds as collectors. 
The former method has been used in the concentration of ores containing 
cenissite as the lead mineral, whereas the latter method has been used at 
Katanga on ores containing the copper minerals malachite and azurite. 

KOKUETAt.LIC ORES AND COAD 

Possibilities in the flotation of nonmetallic ores are just beginning to be 
realized and investigated by the nonmetAllic industry at large. In recent 
years flotation has been industrially applied to phosphate, fluor spar, barite, 
limestone, talc, manganese oxide and carbonate, feldspar, potash, and perhaps 
other nonmetallics, besides its application in coal preparation. A plant 
floating phosphate,is described in Chapter XVI- The list will undoubtedly 
increase as a result of the intensive laboratory investigations on many other 
nonmetallic ore types which have been going on and w'hich have met with 
considerable success in a number of instances. At the present time consider¬ 
able promise is sho^m in the development of various new kinds of reagents 
of greater selectivity than those previously used. Some sulphonated organic 
compounds and the so-called ^^cationic collectors'* are of particular interest in 
this connection. 

Fatty acids and their soaps, especially oleic acid and sodium oleate, are 
the present common nonmetallic collecting agents. These reagents are 
inherently rather all-powerful and nonsclecUve in their flotation action. How¬ 
ever, good separations have been obtained in many cases by careful regulation 
of the amounts used and by the use of various auxiliary reagents to maintain 
most favorable pulp conditions during flotation. 

Oleic acid, sodium oleate, and similar compounds also act as frothers, but 
the froth produced is very unsuitable for selective-flotation purposes; it is much 
too tough and stable. Pine oil and other simple frothers in proper amounts are 
used to reduce froth stability and toughness to the desired point. 
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Soluble salts in the water are much more of a nuisance 
flotation, as they nearly aU react with the fatty aci^ and ^ ^ 

Insoluble precipitates of no value as ^llectore. o^bv 

reagents, bard water should be punfied by precipitation with soda ash or by 

re^nts play an important role in soap-flotation separations, 
but few quantitative data are available as to the extent and nature of 
effect of pH variation on results. Soda ash and sodium hydroxide are used lor 
alkaUnity, sulphuric acid for acidity. , ^ . . .... 

The direct observation and control of dispersion and flocculation con<htions 
of the various ore constituents seem to aid considerably in the control of non- 
metallic flotation, It is desirable to keep the gangue completely dis^rsed. 
Sodium silicate has been commonly used for this purpose. The mineral w be 
concentrated is usually visibly flocculated by the addition of the fatty acid or 
soap reagents. If too much reagent is added, overflocculation ^ay follow, 
and the resulting excessively large floccuJes are very poorly floated. 

Some minerals, particularly silicate minerals, arc not floated under prdinap^ 
conditions but will float when certain metallic ions are present in solution in 
the pulp. Hence in floating other minerals away from these minerals, the 
accidental presence of the activating ions should to avoided. On the other 
hand, if activation and flotation of these minerals are desired, the necessary 
metallic salt may be speeifieally added. i. u j 

Depression of various silicate and carbonate minerals has been accomplished 
in the laboratory by the careful use of dispersing agents, protective colloids, 
and other compounds, as well as by careful pH control, but no standardised 
reagent combinations are generallp^ known which utilise any such definite 
principles os the reagent combi nations used in differential sulphide flotation. 
Trial*and*error testing with little or no theoretical ba^ and somewhat limited 
choice of reagents characterises the present state of nonmetallic flotation. 

AQOLOMeRATioK AND Tabliko.—I n connection with the flotation of non- 
metalUcs the possibilities of using selective oiling and agglomeration for con¬ 
centration purposes, as originally suggested by Cattermole in 1903, have 
recently received some attention, particularly in the beneficiation of cement 
raw materials, phosphates, and potash. Selective oiling and agglomeration 
of specific minerals are accomplished in a manner entirely similar to that sug¬ 
gested by Cattermole; namely, the moistened pulverized ore is treated with a 
soluble soap and fuel oil, and the mixture is then gently a^tated with water. 
The agglomerate granules are then separated from the remainder of the ore by 
simple wet gravity methods. It has been found convenient to carry out this 
separation on a concentrating table of the Wilfley type, taking advantage of 
the skin flotation of the oiled granules as well as of their size. 

Coal Flotation. —Coal flotation has received its greatest application in 
Europe, where, until its adoption, the losses of large quantities of combustible 
material in low-quality dusts and slimes from coal washing constituted a major 
problem. In the United States, however, the abundance of good-quality coal 
requiring less cleaning, together with low price and limited market for the 
fine flotation product, has not warranted much expectation of any profit. 
Coal flotation has, therefore, been confined to a very few applications. The 
eWef limitation of flotation os a coal-cleaning process is, of course, its applica¬ 
bility only to fine sizes of material. It will remain, probably for many years 
yet, merely a method supplementary to other mechanical methods, used 
chiefly to treat the portion of the coal not amenable to any other mechanical 
cleaning method. 
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flotation offers no basically different problems from ore 
notation and m some ways is somewhat simpler. The purpose of coal treat- 
ment is to remove incombustible ash and sulphur. Th^e m present in the 
!2 ^ pynte, gypsum, and other such substances. In Germany 

flotation of coals, involving primarily the separation of cokini 
vL ^npncoking or attrital coal and from fibrous coal 

com.^rcia£!“^^ ‘ possibility and has even been applied 

material fed to a coal-flotation machine is recov¬ 
ered in the froth, in contrast to ore flotation in which the 'airo bulk of material 
“ Inasmuch as coal has a relatively low specific 

^ ““y •» floated, a material crushed to 2.5 

flnttfKV * fesu ts m mechanical agitation flotation machines. 
Coal IS floatable m its natural state, and the addition of various oils, usually 
cod-tar distiUaUon products cheaply available near coal plants, is usually 
sufficient for sa isfactonr flotation separation. Other reagenU may be useful 
in some cases: lime and cyanide to depress pyrite; protective colloids, .such 
M starch and glue, to depress noncoking constituents; or sodium silicate to 
disperse clayey constituents. 

As in ore flotation the tyw of machine used does not have an important 
^rect influence on results, as both aptation-type and pneumatic-type mwhines 
have been successfully appUed. It is of interest to note that the Elmore 
vacuum flotation process is now successfully used for coal flotation in England. 

PrE8E?IT and FuT0RB 


Flotation is well established as the most efficient method of concentrating 
sulphide ores in the form of finely pound products or in the form of slimes 
it makes efficient separation of sulphides from gangue and also sulphide min¬ 
erals from one another. Metal recovery and grade of concentrates have con¬ 
tinually been improved up to the present excellent results, but it is to be 
expected that still further improvement will be made as time goes on. 

A number of nonmetallic minerals arc already being floated, but it is in 
this field that the greatest opportunity for expansion and improvement exists 
We can confidently look forward to the time when flotation will be applicable to 
practically all nonmetallic minerals and will give resulU comparable with those 
now being obtained on sulphide ores. 

The size range of froth flotation today is limited at the coarse end by the 
size of particle which can be lifted by an air bubble. It varies with the specific 
gravnty of the particle, being around 65 mesh or 200 microns for gold and 
plena, around 48 mesh or 300 microns for pyrite, and 30 mesh or 550 microns 
for blende. For light weight minerals, such as quartz and silicates, the size is 
still coarser, and for coal it may be as coarse as 2.65 millimeters or 2650 microns. 

However, the flotation results at the coarse limits are not the best, and 
they improve as the particles become finer, reaching an optimum in a range 
betw^n 50 and 10 microns. Below 10 or 20 microns the efficiency begins to 
fall off; this becomes more marked in sizes below 1 micron and especially in 
colloidal sizes. The very fine particles do not appear to attach themselves so 
readily to the air bubbles, and at the same time very fine and colloidal particles 
of gangue float over mechanically to contaminate the concentrates. 

There is no urgency to extend the coarser limit of froth flotation as con¬ 
centrating tables of the Wilfley type make excellent separations down to 48 or 
65 mep or even finer, provided the difference in specific gravities of the min¬ 
erals is sufficient to make the table applicable. Where the difference in 
specific gravities is too small, the ore may be ground finer into the fiotation 
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giae range or there remains the possibility of a^omeration and tabling, which 
acts independently of specific gravity and does its best work in the r^ge 
between 10 and 100 mesh, acting less satisfactorily on the very fine particles. 

The very fine and coUoidai particles offer a greater problem in froth flota¬ 
tion. It is impossible to prevent the production of such particles, especially 
where ores require fairly fine grinding in order to liberate the valuable mineral. 
Some advances have been made in the treatment of these very fine near-col¬ 
loidal ore particles, but on the whole the present knowledge of the effects reduc¬ 
ing flotation efficiency and rate In finely divided material is rather limited. 
Improvements in fiotation technique supplemented perhaps by improved 
comminution methods may remedy this situation. 

As for the deleterious effects of colloidal material and gangue slimes in 
forming slime coatings on sulphide minerals and making them unfioatable, 
some means of prevention and control have been found in certain cases. In 
general, however, it appears that there is much yet to be learned about slimes, 
colloid, their effects on fiotation, and practical methods of control. 

Some of the other possibilities for improvement of the fiotation process 
have been indicated by the foregoing discussion of various phases of the 
process. In the past a large proportion of the development of fiotation has 
been brought about by purely experimental methods, but recently the progress 
of the theoretical knowledge of the process has made it somewhat more valu¬ 
able as a guide to the laboratory work. 

Development of new reagents, especially in the oonmetallic field, ma^ effect 
many changes. The great variety of organic compounds having possibilities 
as collecting agents have been only superficially investigated. Collecting 
agents of greater selectivity among specific mineraJs would be a great boon in 
the treatment of many ores. 

The effects of a number of variables on the functions of the various reagents 
are not accurately known or understood. Future research on the ph^^ical- 
chemical mechanism of fiotation and fiotation reagents will undoubtedly 
lead to some improvements. 

Improvements in machine design ma^ also play some role, although in 
present practice the effects of machine design on fetation results are secondary 
in nature in comparison with the other operating variables. 

The development of higher extractions and higher grades of concentrates, 
especially the latter, has already begun to have some effect on the subsequent 
metallurgical treatment. Increased purity of concentrates should gradually 
tend to eliminate more and more of the relatively costly metallurgical steps 
for removal of impurities and thus to bring about considerable simplifications 
in the processes of producing final metal products from mill products. Also 
expansion of the applicability of the process, particularly, as mentioned 
previously, in the nonmetallic field, and also into iron beneficiation, may be 
expected. The economic border line between ores and nonores should grad¬ 
ually decrease to lower and lower grade ores. 
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MISCELLANEOUS PROCESSES OF SEPARATION 

This chapter contains descriptions of a number of methods of ore separa^ 
tion, some of which may only be applied to a few specific separations and 
others of which have been considered more as laboratory methods than as 
commercial processes, Certain of these have been placed on a practical 
basis and have found application in commercial handling of ores on a large and 
satisfactory scale. The following methods of separation are treated in this 
chapter: 


Magnetic separation. 
Roasting for magnetism. 
Electrostatic separation. 
Pneumatic separation. 
Adhesion. 

Disintegrating and screening. 


Decrepitation and screening. 
Roasting for porosity. 

Centrifugal separation. 

Weathering. 

Agglomeration and tabling. 
Hcavy-li<^uid and heavy-density 
separation. 


Maqnbtic Separation ano Concentration 

When Applicable, —Magnetic separation found its first practical applica¬ 
tion almost entirely in the separation of stronglv magnetic iron ores, such as 
magnetite, from gangue or some other mineral leas magnetic. As the art 
advanced, the design of magnetic separators with very strong poles resulted 
in their adaptation to the separation of ores containing iron or manganese 
which are only tveakly magnetic. Hematite, limoniie, and siderile can be 
separated from their gangue in this way. The separation of sphalerite (resin 
jack) from pyrite or from other iron ores which can be only imperfectly done in 
the wet way, is readily effected magnetically after a preliminary roasting 
to convert the iron ore into a magnetic sulpltide or oxide. Another wide appli¬ 
cation of magnets in recent years has been for remo\'ing tramp iron from mine 
ore to prevent injury to crushing machines. 

In regard to the direct separation of minerals other than iron ores, many 
which lie so near one another in specific gravity as to preclude a separation 
in the wet w*ay may find their solution in this method. Among these separa* 
tions are (1) sphalerite (blackjack) from pyrite; (2) sphalerite (blackjack) 
from rhodonite and from garnet; (3) rhodonite from garnet; (4) franklinite, 
fowlerite. garnet, tephroite, and other silicates of manganese minerals from 
one another and from sincite, willemite, and calcite; (5) separation of tin- 
tungsten concentrates; (6) .separation of chalcopyrite-sphalerite-siderite con* 
centrales; (7) rutile from apatite; (8) rutile, garnet, and monazite from one 
another; (9) garnet from garnotiferous rock and schists; (10) garnet and other 
injurious iron minerals from corundum; (11) siderite from cryolite; (12) emery 
from gan^e; (13) biotite from gangue; (l4) hornblende from valuable minerals; 
(15) leucite from lava; and (16) chromite from other heavy minerals. Where 
the two minerals to be separated lie close to one another in their magnetic 
properties, they must be very closely dzed before treating, but sizing is not 
usually necessary, and very often questionable advantage is gained from it 
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in this process. As in all other processes it is necessary for success that the 
crushing shall be fine enough to set free all the values. 

The magnetic separator has been developed into an efficient machine, 
economical of power, of staunch construction, and easy adjustment- It can 
be operated by any one of ordinary intelligence and is not a source of large 
expense and repair bills. 

Where applicable this process enjoys all the advantages held by other 
methods of separation and, in addition, may be independent of gravity. 

Electromagnets. —Steel bars may ^ magnetised and retain more 
or less magnetism indefinitely. Bars of soft wrought iron, of soft steel, 
or of cast iron may be magnetised by electric currents in surrounding coils 
of insidated copper wire. These iron bars form electromagnets as long as the 
current flows, and, on account of their greater strength and certmnty, are 
preferred to the relatively weak and uncertain permanent steel magnets for 
practically all magnetic machines. 

All magnets have north and south poles and would, if suspended, line them* 
selves up with the compass or the magnetic meridian of the earth. The poles 
of an electromagnet may be reversed by simply reversing tbe direction of 
flow of the electric current. The magnetism, or magnetic field, can be obtained 
of different intensities ranging from indefinitely weak to a certain maximum of 
strength. For application to the purposes of separation of ores, it is necessary 
to be able to control the intensity of the field for any specific separation. Thus 
magnetite, a strongly attracted substance, may be separated from apatite 
by a comparatively weak magnet, while the separation of franklinite from 
willemite and calamine requires a magnetic field of high intensity; and a higher 
still to separate red garnet, a very weakly magnetic substance, from corundum. 
Tbe intensity of the magnetic field depends on the sise of the magnet, tlm 
form of it, the distance between the body to be attracted and the magnet, and 
tbe number of ampere turns in (he magnet coil, that is, the product of the 
amperes of current flowing in the coil times the number of turns around tbe 
core. 

The unit of magnetic field used by electricians is represented by one 
magnetic line of force per square centimeter. We have one line of force or a 
unit field whenever over 1 ^uare centimeter there is a pull of 1 dyne (1.019368 
milligrams) upon a magnetic pole placed in it. The conception of lines of force 
egresses direction as well as quantity. A unit pole is defined as a pole which 
gives 1 dyne pull upon a similar pole of opposite polarity placed at a distance 
of 1 centimeter from it. To get a practical understanding of tbe lines of force, 
we may employ Maxw'ell’s law that magnetic attraction varies as the square 

of the number of lines of force or P (dynes) * where P represents the 

OT 

attraction or pull in dynes, B represents the intensity of field or number of 
lines per square centimeter, and A represents the area of the field. Reversing 


^tP 

this formula, we get B — 


The magnetic lines existing around magnets are well illustrated by Figs. 
168, 169, and 170. These three figures show a var)dng amount of dispersion, 
or scattering of the lines of force. Figure 168 shows the most dispersion, and 
Fig. 170 shows the greatest concentration. 

Magnetic lines of force are analogous to electric currents. They both form 
closed circuits. Corresponding to tbe strength of the electric current there 
is the number of magnetic lines of force produced; to the resistance of the 
electrical circuit corresponds the reluctance, as it is called, w'hich opposes 
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th€ magnetic lines of force; and finally, in place of the electromotive force 
which tends to cause electrical currents, there is the magnetomotive force 
which tends to produce magnetic lines of force. Just as the strength of electri¬ 
cal electromotive force , 

cal current « resistance of electrical circuit ^ *''*“*^" magnetic 

lines of force - magnetomotive force 


relucUnce of the magnetic circuit* magnetomotive force 
in a magnetic circuit b directly proportional to the number of ampere turns; 
the reluctance b directly proportional to the length of the circuit and inversely 
proportional to the sectional area, and, likewise, to the permeability of the 
substances in the circuit. 

By the term “permeability," commonly denoted by is meant a numerical 
coefficient which expresses how much greater the number of lines generated 
m a substance by a given magnetomoUve force b than those which would 
be generated in air by the same force. For example, a magnetomotive force 
which will produce H magnetic lines per square centimeter in air will produce B 
magnetic lines per square centimeter in a piece of soft, annealed iron. The 



practically 1; that of magnetic substances is greater than 1. The value of H b 
generally used as a measure of the magnetomotive force. The permeability of 
iron b of special interest as it varies with the magnetomotive force and with the 
kind of iron. It has been found that iron does not ^ve a proportional increase 
in B for an increase in and consequently the permeability decreases. It 
is not possible to get a value of B in soft, annealed iron much above 20,000 
without using an enormous magnetomotive force, and thU point b, therefore, 
called the ‘'point of saturation" of the iron. In desimng electromagnets, it b 
generally not good economy to let B go above 16,000 for wrought iron, or above 
6000 for cast iron. 

It b possible to express the number of lines of force in a magnetic circuit by 
a formula. Let S denote the number of turns in the coil; let i denote the 
strength of the current, that is, the number of amperes; let I be the length 
of the circuit in centimeters, and A the area of its cross section in square centi¬ 
meters; let M denote the permeability as before, and let N be the total number 
of magnetic lines Sowing through the circuit, or, as it b frequently called, the 
“magnetic flux." 

Then 


Magnetomotive force — 
Magneto reluctance » 


4 y Si 
10 
I 


1.257 St 
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A* Si 
10 

M&gnetic flux, N * —p 



The symbol S is to indicate a summation where different parts of the mag¬ 
netic circuit are not all of the same sise and material. In that case the remc- 
tance of each part must be calculated separately and all finally Mded together. 
The last formula shows how to calculate the strength of field of a magnet 
already constructed. 

Action of Subbtancbs in Maonetic Field. —All substances are either 
attracted or repelled by magnets. The former, which we comparatively 
few in number, are called “paramagnetic,” and the latter, which are more num¬ 
erous, “diamagnetic. The paramagnetic substances are the metals iron, nickel, 
cobalt, manganese, chromium, cerium, titanium, palladium, platinum, osmium, 
and many of their salts and compounds. The degree of attraction of these 
substances varies widely. The metals iron, nickel, and cobalt and the minerals 
magnetite and pyrrhotite, are rather strongly attracted, while the other para¬ 
magnetic substances are attracted only feebly, and there is a wide gap between 
them and the strongly attracted substances. 

To illustrate the difference between strong and weak magnetic substances, 
Delesse says that, if steel be taken at 100,000, then the attractability of mag¬ 
netite is 05,000, of siderite 120, of hematite 93 to 43, and of limonite 72 to 43. 
The last three substances are so low that they have been considered non¬ 
magnetic, since no attraction was shown except in the very strong fields of 
recently constructed magnetic separators. How'ever, by using a magnetic 
separator designed to give a ve^ strong field and at the same time a field which 
is capable of nne adjustment, it is possible, not only to separate these as well 
as many other weak parama^etics from diaraagnetics, but also to separate 
one from another even though the difference in attractability is slight. The 
permeability of the diamagnetics is so nearly unity that the phenomenon of 
magnetic repulsion is not a familiar one. The permeability of the same 
mineral from different localities varies tremendously. Even in the same ore 
body, 6 months' operations have been known to open up ore with such a differ¬ 
ent permeability that a former successful magnetic method w*as rendered 
worthless. Another instance of the variable magnetic behavior of minerals 
is the discovery of magnetic galena at Gem, Idaho. 

Preparation, Dust, Drying, and Current. —If the crushing and screen¬ 
ing are performed on dry ore, great care must be exercised to prevent the too 
free circulation of dust about the plant, as an arsenic or lead-bearing ore— 
even fine quarts itself—makes a dust that is exceedingly injurious to the 
health of the workmen. All the dusty places should be hou^ in and the dust 
removed by exhaust fans or otherwise- The men should constantly wear 
respirators and be transferred every few days from a dusty place to one that 
is healthful. In drying the ore, either l^fore crushing and screening or 
when handling a product from a wet process, care must be exercised that it is 
not heated so hot that it roasts, as this may result in a failure of the operation, 
the wrong mineral becoming strongly magnetic- A direct current is used to 
excite electromagnets which separate minerals on the basis of magnetic suscep¬ 
tibilities. In more recent separators, still in the laboratory stage, separations 
are made instead on the basis of magnetic remanence and coercive force, and 
alternating-current magnets are used. The cost of magnetic separation 
consists of the cost of preparing the ore for treatment plus a few cents per ton 
for supervision, excitation, and repairs. 
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Classification op MAONErnc Sspaiutors.— msmetic seos- 
ration may ^ divided into two parts: <1) the attraction of the magnetic 
particles by the magnet and (2) the removal or the conve^ng of the maenetic 
material aw^ from the nonmagnetic, or vice versa, after the former has been 
attracted. Separators designed to carry out these two steps may be classified 
as lollows* 

I. Sepwatore having the magnetic poles which bring about the separation 

energised directly by the coils of the magnet. These are termed “primarv- 
magnet type.” ^ ^ 

II. Separators in which the magnetic poles effecting the separation are 
secondary, or induced iwles. These are ener^zed by the primary poles in 
the magnetic field of which they he and are called “secondary- or induction 
magnet type.” 

^ variety of machines of both classes have been developed and 
patented. The scope of this book limiu the machines described to a few repre¬ 
sentative tj^s which have been successfully applied commercially. These 
may be further classified as to whether they are high-intensity or low-intensitv 
separators, the former being suited for weakly magnetic substances, the latter 
for strongly magnetic substances. Other points of difference are in the use of 
permanent magnets or electromagnets; in the use of magnets acting continu¬ 
ously or intermittently; in the subjecting of particles of the ore to alternate 
polarity, wmch causes the magnetic panicles to reverse their position and 
thereby to shake out gangue, or to continuous polarity; in the treating of ore 
wet or dry; in application on coarse ore or on fine. 

Wet magnets in general do not possess as strong lifting power as dry 
magnets, especially when fine particles have to be lifted out of water because 
additional force is required to overcome the surface-tension effect of the water 
^nes are more easily separated wet and better products obtained because 
the water disperses the grains so that a magnetic grain is not held back, as 
sometimes in dry magnets by being covered up in a bed of gangue grains, and 
also because the water washes off any gangue dust which tends to stick to the 
magnetic particles when dry. 

AlUrruUin^-currtnt separators recently developed on a laboratory scale 
are different in principle from the direct-current type and show some promise 
of future commercial application in separations not possible with the latter 
type. The principle involved is known as “bysteretic repulsion,” which 
depends on the magnetic properties of coercive force and remanence. If a 
mineral of high coercive force and low remanence, such as specular hematite, 
which for direct-current separations is considered nonmagnetic, is passed 
through a suitable continuously alteroatir^ magnetic field, the particles will be 
set into rapid motion and nill tend to be repelled from the magnet poles. This 
effect may be used for a separation of specular hematite from other minerals. 
With certain minerals special heat treatments may 1^ used to aid hysteretic- 
repulsion separations. In the present stage of development further discussion 
and description of the experimental methods do not appear to be justified. 


1. FRnCART-KAONET TTPB 

This group of separators can be conveniently divided into the five following 
classes: (1) stationary cobbing magnets, (2) ma^etic pulleys, (3) drum- or 
roll-type separators, (4) belt separators, and (5) miscellaneous types, including 
magnetic log washers, falling ore-stream type, etc. 

Stationart Cobbing Magnets. —These magnets are large powerful 
electromagnets suspended several inches above the ore stream on a conveyor 
and'are widely used in modem mills of all kinds for removing tramp iron from 
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the ore stream. Tramp iron consists of drill stoeJ, hammer beads, nuts, bolts, 
etc., which, if left in the ore stream, are liable to cause senous breakage oJ 
machines, particularly crushers. It is removed from the magnet intermix 
tently, depending on its rate of accumulation on the poles, by shutting on the 
exciting current to let it drop off into a suitable receptacle. 

Magnetic Pulleys. —Magnetic pulleys are suitable for removing tramp 
iron also, for this purpose having some advantages over suspended-type 
stationary magnets. In addition they are used for concentration of coarse 
magnetic minerals, such as coarse magnetite, p)Trhotite, etc. Magnetic 
pulleys are substituted for the head pulleys in regular conveyor installations, 
and operate as indicated in Fig. 171. Nonmagnetic materia) falls by gravity 
into a suitable chute or conveyor to its appropriate destination, while the 
magnetic material is attracted and held firmly against the belt until it is carried 
to a point where the bolt leaves the puUcy on the underside and is there 



F(o, l7l.^MtgneUc puMcy ronkoviog trtmp iron beforo rolU. 


discharged back of the axis of the pulley. Exciting current is supplied to 
the pulley through a commutator. The pulleys are made in various diam¬ 
eters from 12 to 48 inches and for belt widths of from 12 to 60 inches. They 
may be made watertight and operate as wet magnets. The amount of current 
used is small. 

Drum-type Magnetic Separators for Dry and Strongly Magnetic 
Ores.—T he general arrangement and operating principle of drum-type 
separators will be evident from Fig. 172. A semicircular magnet with a 
magnetic field of either alternate or continuous polarity is held stationary and 
is surrounded by a rotating cylinder of brass or other nonmagnetic material 
Matenal is fed on top of the drum. Nonmagnetic particles rebound off the 
drum or are carried around by the drum rotation until they fall off by gra\'ity 
while ma^etic particles are held to the drum by the magnets and dropped 
off below into properly arranged middling and concentrate receivers. Sepa¬ 
rators of this class are available with double drums, one mounted below the 
other, either to re-treat the tailing discbaige or else the magnetic middlincs 
from the upper drum. Drums from 12 to 30 inches in diameter and from 8 to 
48 inches in length are available. 
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The (iTOT^al drum $eparcU&r is entirely timilar in principle but is designed 
somewhat differently to act as a wet separator on fine material. 

Belt-type Maonetic Separator for Dry and Weakly Maonetic Ores 
The Wethenll separator will be used to illusUate this group of machines 



Fio. 172.^PriQci(4« of opiraUoo of druu-tppo msaootie Mparston. 


because it is one of the oldest and most successful. The principle of operation 
of the ‘*B type/’ whicli is a high-powered machine, is shown in Fig, 173. 

The material flows from the hopper to the feed roller, which discharges it in 
a uniform layer over the whole width of the conveyor Mi, passing between the 



Fio. 173.—Primftry-mftgBet belVlTp* Mptrstor for dry sod wukly in Agnatic ores. 

poles of the magnetic 83 'stem. The latter consists of two or more horseshoe 
electromagnets, the poles of which are arranged one above the other. The 
polce of the upper magnets have the shape of a sharp wedge; the lower ones are 
flattened. With this arraDgement of the magnets, the paramagnetic, or 
weakly magnetic, minerals, W'ben brought into the magnetic field, are influenced 
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in such a manner that at a comparatively small ^tance from the 

Se magnetic force of the upper poles» concentrated on the 

super^es that of the lower sufficienUy to ca^ the particle to 

jump toward the upper poles as soon as they are brought, by the conveyor belt, 

into the magnetic field. The crossbelts serve to keep the magneUc particles 

from adhering to the poles and to carry them out of the magnetic held. 

This type of machine is constructed with one, two, or three double magnets 
giving two, four, or six poles, each pmr of polee being ppvided with a rheostat 
for regulating the current strength. The principal dimensions are given m 
Table 67. 


TABLS 67.—SIZES Of WBTHEfaLL UAQHET8 


Ho. 

1 

Maker’* No. 

1 

Leagib «( Sped. laebe*. 

1 

Ampere Turna. 

1 

4-10 

20.30 

S9.244 


S-9 

3S.30 

46.700 
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AdjusirwrUs.—These are strength of current, length of air gap between 
upper and lower poles, and speeds of conveyor belt and of crossbelts. A 
slight increase of air gap makes a marked reduction in the strength of the 
magnetic field. Crossbelt speeds range from 1000 feet per minute for strongly 
magnetic minerals to 200 feet per minute for weakly magnetic material. 
Conveyor-belt speeds are shown in Table 68. The width of the conveyor belt 
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may vary lip to 18 inches man mum with corresponding variation in width of 
poles. This separator is not well suited for material coarser than i inch or 
mPT than 60 mesh. For fine wet pulp a wide inclined shallow trough U used 
in place of the conveyor belt. 

Capacity ,—Table 68 gives an idea of the capacity of a No. 3 machine on 
ores of vanoQs sises and from various localities. Note the variations in 
conveyor-belt speed and capacity under different conditions and with minerals 
of different susccptibmties. Capacity is low and separation poor on feed finer 
chan 80 or 100 mesh. 

Energy Required—The electrical and mechanical energy required by a 
No. 3 18-inch machine having three poles—one with 30,000, one with 60,000. 
and one with 100,000 ampere turns—b given below: 

30,000 magnet takes 6 amperes at 125 volts. 

60,000 magnet takes 14 amperes at 125 volts. 

100,000 magnet takes 30 amperes at 125 volts. 

Total, 50 amperes at 125 volts, or 8.4 horsepower. 

The mechanical power required to operate the above machines, depending 
upon the speed, is from 0.5 to 1.0 horsepower. 

Belt-type Magnetic Separator por Dry and Strongly Magnetic 
Ores. —A magnetic separator, which, in some respects, b similar to the one 
just described but b entirely different in principle, b shown in Fig. 174. Thu 
machine was designed for the separation of strongly magnetic ores or of ores of 
high permeability—namely, magnetite from apatite and a siliceous gangue— 
and combines a low initial and oi^rating cost, a high capacity, simplicity, and 
uniform effectiveness to a very high degree. 

The machine is constructed with a series of magnetic poles the polarity 
of which is alternately north and south. The action on ore particles in such 
a field is to turn the magnetic gruns end over end, thus permitting any 
entrained particles of gangue or of nonmagnetic material to be dropped. 

In operating, the feed hopper b always kept full to maintain a constant 
supply of ore to the feed roll, which makes from 15 to 20 revolutions per minute, 
and the depth of feed b regulated by a sliding gate near the feed roll. The 
feed roll distributes the ore uniformly over the feed belt which carries the ore 
into the first magnetic field of the series, where the magnetic portion is lifted, 
striking the take-off belt between the pole pieces of the first and second 
magnets. A large part of the nonmagnetic material drops directly into the 
tailing, while that portion entrained with the magnetic material is shaken off 
into the tailing by the sustaining action and changing polarity of the magnets, 
by the action of gravity on the nonmagnetic material, and by the forward 
motion of the take-off belt w*hich also carries the magnetic product away from 
the tailing. The products may be delivered either into receptacles or on to 
conveying belts. 

The machines now in use have 12 m^nets, of uniform strength, con¬ 
trolled by a rheostat. The feed and take-off belts are made of rubber with 
three- and two-ply canvas, respectively. Both are riveted with copper rivets 
on a 6-inch lap. Each part of the separator b easily accesrible and bumt-out 
magnets can he renewed or new belts adjusted in a short time. Adjustments 
are easily made, take-ups being provided for tightening the belts, which may 
be operated while the machine b running. Since the take-off b^t is of the 
same width and runs faster than the feed belt, the magnetic mass is spread 
out more thinly per unit of surface. Belt speeds must be determined for each 
ore, but, in general, ores of low permeability or of large sise require slower belt 
speeds. Usual belt widths are between 18 and 30 inches. 
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These separators have handled ores as coarse as 0.5 inch, and the average 
hourly capacity, up to and including all material through a 0.25-inch mesh, 
IS from 20 to 25 ions. Thirty-six tons per hour have been handled on this 
separator with satisfactory results. 

Belt-ty^ Magnetic Separator for Wet Separation of Strongly 
Magnewc Ores.— The Crockett-type wet-belt magnetic separator is shown 
in the diagram of Fig. 176. The fe^ to this machine should have a pulp den- 
sity of about 35 per cent solids, or less for very fine material. Feed is added 
under the belt as shown, and the free-g^gue twling not being attracted to the 
firet ma^ets above the moving belt is immediately dropped and eliminated in 
the first hopper. The so-called '^selective pickup section near the feed end is 
mwhamcaUy agitated for coarse feed or hydraulically a^tated for finer feed 
to insure thorough removal of tailings. The machine shown is provided with 
a hydraulic chamber for this purpose. The amount of material dropped in 
pMsage over the middling hopper is varied to attmn best results by adjusting 
\he strength of the respective stationary magnets above the middling hopper 
Concentrates are carried farther to a dewatering lank and there discharged. 
Fresh water is added near the concentrate end of the tank so that the wash water 
moves in the direction opposite to that of the belt. The magnets are all 
stationary and assembled to form a catenary on their lower surfaces so that 
the belt travels close to them, being lubricated sufficiently by a thin water film 
in between- The magnet assembly is of the alternate polarity type, for 
thorough turning over and agitation of the magnetic particles held to the 
belt. The water level is kept above the active separating portions of the tank 
and adjusted by means of the overflows shown. Slime tailings are also di^ 
charged through these overflovrs. 

The machine .shown has a magnet nidth of 36 inches and a belt width of 
42 inches, other dimensions being as shown. Two horsepower is required to 
drive the belt, and 4 kilowatts of electrical power for excitation. Capacity for 
the 36-inch separator ranges from 10 toas per hou** for finely ground feed to 
20 tons per hour for coarse granular feed. The use of Crockett separators in 
the Scrub Oak mill is described in Ch^tor XVI. 

Davis Magnetic Loo Wasber. —This machine, deigned to treat Mesabi 
magnetite ores, makes use of the log-washer principle in that it has a helical 
screw for worldng the concentrate up an inclined trough agunst a flow of 
water, but under the bottom of the trough b a series of electromagnets with 
their poles pointing upward. These magnets attract the magnetite to the 
bottom of the trough, and the screw moves it up the incline and mscharges it at 
the upper end. Water and tailing overflow the lower end. 

Another similar apparatus, used on the same ore, employs the rake principle 
of the Dorr classifier instead of the helical screw. 

Wet magnets have the advantage over dry magnets that they can handle 
much finer material. Elxcellent separations have been made by them on feed 
which was all crushed through 200 mesh. 

The Edison Magnetic Separator. —This is simply a plain horisontal bar 
electromagnet before the poles of which the ore falls in a thin sheet, and the 
magnetic particles are thereby deflected slightly toward the magnet (not suffi¬ 
ciently to strike the magnet), while the nonmagnetic particles fall vertically. 

11. SECONDARY OR INDVCnON-UAOKET TYPE 

Inductlco-magnet separators may be classified in two groups as follows: 
(l> the belt or conve 5 T>r type and (2) the induced-rotor type. 

Belt-type Magnetic Separators for Dry and Stronqlt Magnetic 
Orbs.— Figure 176 shows the arrangement and operation of the Stearns type D 
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separator, a representative example of this class. The induced magnet is in 
the form of a steel ring which is arranged to route between the feed belt and 
the pnmary m«net in such a way as to remove concentrate and to dischanre 
It at the sides of the belt. A field of relatively high intensity may be obtained 
with thw Mchine by adjustment of the magnetic gap between the take-off 
nog and the bndge bar which completes the magnetic circuit below The 
take-off nng is of specially shaped cross section for producing a highly con¬ 
centrated magnetic field. ^ ^ 

Magnetic separators of this class are furnished by different manufacturers 
in several forcM, differing somewhat in the use of belt, shaking pan, or chute 
conveyors, and in the type of moving induced magnet used to remove the 
mametic concentrate. 

INDUCED-ROTOR-TTPS MaONBTIC SEPARATOR FOR DrY AND WbaKLY MAG¬ 
NETIC Ores. —This class includes the most powerful of commercial magnetic 
separators, The Dings Super-High Intenaty type IR induction magnetic 
separator is schematically illustrated in Fig. 177. The Johnson separator and 
the Stearns type K separator are similar in operating principle. The action of 
ore particles on the induced roUting-roP magnets is entirely similar to that on 
the drums of primary-magnet drum-type magnets, but the rolls arc consider¬ 
ably smaller in diameter, and the splitters separating the concentrates and 
tailings from each roll are very closely adjusUble to take advanugc of very 
small differences in trajectory between different feebly magnetic minerals 
The shapes and designs of the pole pieces, bridge bars, and rolls are such that a 
field of very high intensity is maintained in the small gaps through which the 
ore must fall. 

The Dings IR magnetic separator is furnished in various sises, with from 
two to seven rolls superimposed, and with roll lengths of from 12 to 90 Inches. 
A 24-inch two-roll size consumes 1600 watts for excitation and 1 horsepower 
for drive. 

When used for very close separations, machines of this type should have 
sized feed, as the trajectory of the particles falling from the roll varies to some 
extent ivitb the particle size aa well as with the magnetic susceptibility. 

Roasting and Calcining for Magnetism 

The separation of many of the mixed sulphide and oxide ores is best accom¬ 
plished by the aid of magnetism. With toe very high-power magnets, like 
the Wetherill, minerals may be attracted which show no marked magnetic 
properties whatsoever and which cannot by any commercial means be con¬ 
verted into more highly magnetic forms. This class of minerals varies con¬ 
siderably in permeability, and this even applies to the same miner^ in the 
same ore body. Fortunately, however, with these minerals other minerals 
often occur which, w'hile naturally nonmagnetic, may be changed over into a 
very strongly magnetic condition and lift^ from the ore by means of weak 
magnets which are not strong enough to lift tbe more weakly magnetic min¬ 
erals. This ability of man to overcome the fickleness imposed on such minerals 
by nature is constantly receiving and deserving more thought and attention. 

As already intimated, there are certain minerals which are so nearly non¬ 
magnetic that tbe strongest magnets do not influence them, but which can 
be rendered strongly magnetic by subjectix^ them to a roast under suitable 
conditions. The following nonim^etic sulphides are susceptible of l^ing 
converted into magnetic sulphides by a quick oxidizing roast, or into magnetic 
oxides if the roast be continued long enough to drive off all the sulphur; tbe 
nonmagnetic carbonates and oxides given in the list may be made strongly 
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foagneUc by calciniDg the carbonates and subjecUng the oxides to a roast iu 

a reducing stinospbere. 

The importance of this part of the process of preparing an ore for magnetu: 
separation as bearing on tne success of the whole operation is so great that 
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it is deemed best now to point out the precise condiUons necessary to obtain 
a satisfactory roast and to say a few words about the furnaces which may be 
used* 

RoASTiNO TRS SuLPHiDES.—The change of marcasite or of pyrite into the 
magnetic sulphide may be accomplished by a short roast in the presence of 
air, whereupon a chemical change analogous to the followir^ takes place: 

7FeS, + 120 - FerSi + 680,. (1) 

The exact sulphide that is formed varies with the length of roast, the above 
being given onlv as an example. This sulphide is formed only on the surface 
of each grain, the kernel of the grain sUli I^ing FeS,. With coarsely crushed 
and unsised ore, in some furnaces, this operation is rather difficult to control, 
as it is easy to overroast some of the small sixes, forming an oxide of iron and 
maldng a product of uneven permeability. With »sed coarse ore or an unsized 
ore crushed to '°ch, this method of roasting gives the best of results pro¬ 
vided an easily regulated furnace be employed. 

As the roast is carried further the sulphide formation gradually closes in 
on the heart of the grain in the form of a concentric sphere, and the sulphur 
on the outside of the grain is all driven off, resulting in the formation oi the 
magnetic oxide as follows: 

SFerSi + 760 * IPefi, + 2480,. (2) 

This may continue until the whole grmn is changed over into the strongly 
magnetic oxide, Fe, 04 . If now the roast be carried one step further, another 
atom of oxygen b taken up by the iron, resulting in the formation of FejO, 
as below*: 


2Fe,04 + 30 - 3Fe,0» + 0,. (3) 

Thb compound of iron b analogous to hematite and b only feebly mag¬ 
netic, therefore we have done something which b apparently fated to successful 
magnetic work. Thb may, however, be reconverted into the magnetic oxide 
by exposing it, at the end of the roa^, to a reducing atmosphere or by adding 
carbon to it when the following chemical change takes place: 

6Fe,0, + C » iFt/)A + CO,. (4) 

Fe,Oa and Fe^O* are convertible into one another according to whether 
the atmosphere of the roasting furnace b oxiditing or reducing. 

The magnetic sulphide is iridescent and black; the magnetic oxide b very 
dark brown, nearly black, and does not retmn its magnetism so long as the 
natural magnetite, changing over into the feebly magnetic red oxide. 
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In this country the usual pracUce a either to form the magnetic sulphide 
which requires from 1 to 45 minutes, or to roast from 2.5 to 4 houm and oro^ 
auce the magnetic oxide. It is never carried beyond this point In Eurone 
however, where sulphur is utilised to make sulphuric acid, all the sulplmr 
IS dnven off and the ore brought back to the m^etic oxide by subjecting it 
to a reducing atmosphere. ® 

Roasting the Oxides.— Hematites, limonites, and ores of a similar nature 
may be made strongly magnetic by simply heating at a high temperature to 
expel some of the oxygen from the Fe,0,, leaving Fe,0* as in equation (5). 


6Fe,0, = 4Fe,04 + 0,. ( 5 ) 

The heat drives off any combined water that may be present, but this 
method of treatment is expensive of fuel. The method most commonly used 
on this claw of ores is to reduce the ore at red heat, in the absence of air by 
means of solid carbonaceous matter as in equation (4), or by reducing gase.*^ 
usually hydrogen and carbon monoxide, as in equation (6). ' 


6Fe,0, + CO + 2H * 4fe,0, + CO, + H,0. (6) 

Calcining the Carbonates.— According to Le Chatelier, siderite and the 
spathic iron ores break up into FeO and CO, when heated to 800 degrees centi¬ 
grade. In a neutral atmosphere the FeO is changed over to Fe^Orj but if 
the atmosphere is slightly oxidising, FetOi is obtained. Both of these oxides 
are very strongly magnetic. With a free access of air, Fe,0, quickly forms 
If the air is completely excluded, the FeO reacts with the CO, forming FeiOi 
and carbon monoxide gas. After the CO, is completely expelled, it becomes 
very easy to overroast and produce the nonmagnetic red oxide. Success for 
the process depends upon using a furnace with a perfect air control. 

Before charging, the ore is usually mixed with from 3 to 5 per cent of fine 
coal or of coke to aid its decomposition and to furnish a reducing or neutral 
atmosphere in the furnace. With coarse ore 15 minutes and with fine ore 
35 minutes at 860 degrees centigrade usually result.s in the production of FcO^. 
Longer healing at this temperature affects sphalerite, if it is present, and in the 
normal calcined product the sphalerite is covered with a white film of super¬ 
ficial oxidation, but this does not indicate any serious loss. Calcining is always 
accompanied by decrepitation and loss of weight, and the greatest care has to 
be exercised to prevent sintering. The calcined product is usually sized before 
it is separated magnetically. 

Experiments. —Tests have been conducted with pyrite to ascertain the 
length of roast best suited for obtaining the maximum amount of magnetic 
material, the pyrite being roasted in a thin layer. The pyrite used was crushed 
through 30 and sized on 40 mesh. The oversize of the 40-mesh screen was used. 
Small portions of the pyrite, 1 gram in weight, were roasted for periods of i, 
i, 1, 2, 4, 8, and 16 minutes and immediately thrown upon a cold plate. From 
the tes^ it was concluded that about 1.5 minutes would ^ve the maximum 
magnetic product under the above conditions. These experiments are of 
especial interest in connection with the shaft furnaces referred to later. Tests, 
similar to the above, were conducted on the same ore for the last six periods of 
time and allowed to cool slowly from a low red heat. It was found that, under 
these conditions, the pyrite was practically dead roasted, while in no case had 
as much as 50 per cent been rendered magnetic. It would therefore seem 
that rather rapid cooling favors good results, and this is borne out in practice. 

Tests have shown that FeS, begins to lose its sulphur and to change over 
into the m^etic sulphide and later into the orides, at a temperature of 370 
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degrees ceatigrade, and roasting for magnetism is usually 

perature between 370 and 600 degrees cen^graJe. , Expenmentally ^ 

^0 degrees centigrade has given good results, but in practiw this 
ably r^ult in a serious loss through the oadation of fine particles of sphalente 
were it present. Below 400 to 460 degrees centigrade the pynte does not 
become wholly magnetic, and it is usually roasted close up to 6(W degrees centi- 
ffrade, which is about the ignition point of sphalente. Almost any mapetic 
separator can obtain good results when fed with a properly roasted matenal, 
but no separator can do good work on a poorly roasted feed. . - . 

Furnaces-— The first requisite for a roasting or a calcining furnace is that 
there must be a quick, easy, and efficient control over the amount of air enter¬ 
ing it. The temperature can be related by a pyrometer, but this is usually 
done by eye. Fuel is required in all the furnaces some of the time, and in 
some of them all the time. This may be solid, liquid, or gaseous. 

Several types of furnaces are in use, but the type in the grea^t favor is 
a slight modification of the Howell-White. Furnaces of this kind, when 
hanming an ore containing 25 per cent or more of sulphur, after once being 
heated hot enough with fuel, require no more fuel until for some reason the 
furnace gets cold again. Hence, they are economical of fuel, the sulphur tn the 
ore furnishing the necessary heal. Another furnace which is finding favor is of 
the shaft type. This is especially adapted to roasting pyrite ores. It consists 
of a tower with two flues; the hot gases from the firebox pass up one flue to 
the top of the furnace and there come in contact with a thin stream of failing 
ore. They ignite the sulphur while the ore falls through the second, or roasting, 
flue to the base of the furnace. The ore is roasted in the downdraft flue 
while descending with the hot gaees and is quickly cooled and conveyed out 
of the furnace. Furnaces of the McDougall type cost less to erect and often 
give good results, especially on finely crushed ore. Reverberatory furnaces 
have also performed go^ service in some sections, but for details about these 
and others the student is referred to other sources. Id all cases the ore is 
usually cooled quickly, and many ingenious schemes have been devised for 
this purpose. A special design of sbmt furnace is in use on Mesabi hematite 


ores. 

The depth of the bed of ore in the furnace at one time varies from a thin 
stream to one 12 inches thick. After a sulphide ore is so roasted as to produce 
the magnetic sulphide on its surface, even the finest particles will not float. 
This makes possible a veiy close later separation of any lead or zinc minerals 
on tables in the wet way. It is well to bear in mind that in roasting FeS^ 
it swells, loses weight, and often decrepitates. The amount of producer 
gas required to con veil 100 tons of wet mill tailing—composed of pyrite, 
sphalerite, and quartz—into the magnetic sulphide is 433,440 cubic feet 
of a calorific value of 61 British thermal units. This will reduce the sulphur 
4.7 points. 


Electrostatic Separation 

Principles. —It has been found that many metallic sulphides and other 
minerals are good conducton, while most gangue minerals and certain of the 
sulphides, such as blende, are relatively poor conductors of electricity. The 
principle upon which electrostatic separation depends is that two bodies 
charged alike electrically repel one another; if charged oppositely, they attract 
each other. Thus, if a mixture of good and poor conductors, in a neutral state, 
be dropped upon a highly cha^d conducting surface, the good conductors 
immediately receive a charge si^ar to that of the surface and are repelled. 
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while the poor conductors are much more loath to receive the charge and there- 
foie not so readily repelled. If» however, a material charged to a high potential 
of (he opposite sign be fed to the above-meotioned surface, the good conductors 
as before, assume immediately the condition of the charged surface and are 
repelled, while the very poor conductors, carrying a charge opposite to that 
which the surface carries, by the above law, tend to cling to that surface thus 
making a sharper division of the separation. Theoretically, the separation of 
two minerals does not require that one of them be a good conductor and the 
other a poor inductor but merely that there be a difference in the degree to 
which they will conduct electricity. Commercially, of course, there are limits 
to this. 

The following lists of minerals may be pven to show some of the substances 
which are usually good conductors and some which, as a rule, are poor con* 
due tors. Minerals whose composition is variable, such as garnet, sphalerite 
containing iron or manganese, etc., belong sometimes to one class and some¬ 
times to the other. The composition of sphalerite or blende is a very impor* 
tant factor, and, as a general statement, a large percentage of iron or manganese 
combined with it chemically makes of the blende a very fair conductor. Blende 
from Broken Hill, New South Wales, may be separated electrostatically from 
Missoun or Wisconsin blende. 

Good C^uefors.—Native metals, pvrite. pyrrhoUte, chalcopyrite, galena, 
garnet, molybdenum, ch^cocite, a^ntite, telrahedrite, telluridca, hornblende, 
black sands, most sulphides, and most copper, iron, silver, and manganese 
minerals. 

Poor Condveion. —(^arts, quartrite, calcite, limestone, porphyries, slates, 
sandstones, garnet, spinel, sphalerite, smithsonite, barite, gypsum, granite, 
fluor spar, monasite, and most silicates and gangue rocks. 

Separators. —During the past few years, electrostatic separation has bad 
a broader and more general application in the treatment of ores and other mate¬ 
rials, such as rock salt, fluor spar, graphite, coal, coke, and abrasive materials, 
owing to the development of new deigns of separators, embracing mechanical 
improvements for conveying the material into the electrostatic field. Two 
makes of separators are available, the Sutton, Steele and Steele, and the 
Johnson which is the successor of the oripnal Huff machine. 

There arc three types of the Johnson machine. The tol^ggan-type separa¬ 
tor consists of a series of combined chutes and electrodes, varying from 12 to 
24 in number. This separator is used for the separation of finely ground mate¬ 
rials, smaller than 40 mesh. The capacity varies from 1200 pounds per hour 
to 2000 pounds per hour, depending upon the material to be separated. The 
dimensions are about 5 feet long, 3 feet wide, and 10 feet high. The weight 
is approximately 2200 pounds. Power required is | to { horsepower. 

The roll-type separator may be single roll or double roll. The single roll 
has electrodes S feet long assembled in units of three so that a separator may 
be 3, 6, 9, 12, 15, or 18 electrodes high. The single-roll machine will handle 
material from 40 mesh to i inch at the rate of from 3500 to 7000 pounds per 
hour, using to | horsepower. The double roll is two S-foot rolls in length 
or 16 feet and is assembled in units of six rolls. It has a capacity of from 8000 
to 14,000 pounds per hour and takes 1 horsepower. 

The belt-type separator may have the belt horisontal or at such an angle 
that the concentrates with the assistance of an electrostatic field ^here to the 
belt and are carried over the upper end while the tailings or nonconductive 
particles are not so strongly influenced by the electrostatic field and roll down 
the belt to fall off the lower end. It is especidJy suited for the cleaning of 
many food products and for the separation of scaly particles of ore and other 
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„aterids from graouUr particles. It treats from 3000 to 4000 pounds per 

^n poI-Hty of the electrodes may be e^ily 

revised to take advantage of the property of some minerals of being more 
^tronffly affected by one polarity than an opposite polanty. ,^„«{c, 5 ncrnf 
^ Two types of electrical equipment are used. A mechanical set, 
rrntctr exciter eenerator, transformer, and rectifier, is wh^ there is no 
electric current l^ailable. It can be belted to any line shaft. The generator 
must operate at 1800 revolutions per minute to develop the necessary electro- 
s^Uc cK for tl^ separation purposes. The Kenetron set .is used where 
electric current is available. This is a compact electric set consisting of trans¬ 
formers and Kenetron rectifier and is designed 

current. These electrical sets require floor space of about 6 by 8 feet and can 
develop sufficient electrostatic current to operate 30 to 50 separators, working 

under ordinary conditions- ^ ^ ... ,. 

The field of this process is the treatment of ores not amenable to the more 
common processes of concentration such as gravity, floUtion, or magnetic. 
Its disadvantages are (1) small capacity per unit of null space, (2) o* 

the operaUon, (3) the ore must be bone dry and closely sised before being fed 
to the machine, and (4) particles cannot be treated much coarser than J inch or 
finer than 60 or 80 mesh. 


PNBUiiATic Concentration and Separation 

Air may be used much in the same way as water, as a medium for sorting 
grains of ore into grades according to their settling power. The conditions 
which point to the use of air for coDCcntration are (1) the removal of dust 
from natural or pulverised material by a blast of air and (2) the treatment of 
placer gold or ores in general, in distnets where there is a scarcity of water. 

There are four chief classes of apparatus for separating ores, which depend 

upon air as a medium: 

I. Those using a continuous blast of air which acts on the particles and 

yields graded products. . , . . . ^ .u 

II. Those which project the ore particles through air by a force other 
than an air blast, the heaviest grains going farthest, the other grains being 
graded according to their momentum. 

III. Air jigs, or those which subject the ore in a bed to a series of upward, 
intermittent pulsations of air, the lighter particles rising to the top layer, 
the heavier particles settling beneath in the same manner as in the hydraulic 
jig, when run without suction. 

IV. Pneumatic tables, or those which subject the ore in a bed to constant 
currents of air arranged to produce riffles in the bed. The lighter particles 
rise to the upper layer and go down the slop^ of the table to the tailing side, 
while heavier grains settle and, by the jerlung motion of the table and the 
guiding action of the riffles, are carried to the concentrate side. 

In the industrial field, air separation has replaced all other methods w'here 
an extremely ^e crushed product is required, for it gives a much larger capac¬ 
ity than is possible by screening or by bolting. In fact, the fineness of the fin¬ 
ished product attainable by air separation is practically unlimited. A finer 
product can be obtained than from the fine^ silk bolting cloth, and at a 
fraction of the cost. Sticky materials, or materials which become sticky 
when handled, can be readily handled by mr separation; such materials are 
resin, pitch, shellac, and various gums used in making varnishes. Many manu¬ 
facturers using feldspar, quartz, clay, ochers, etc., grind their materials to 
extreme fineness, and it is in this field that the air separator is meeting with 
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increasing favor. In the feldspar industry where the requirements of pottery 
spar call for a product running 98 percent through 200 mesh, mr separators have 
been generally installed. In the talc field they are used for separating to a fine¬ 
ness of 98 per cent through 325 mesh. They are also used on slate, phosphate 
rock, silica, garnet, and many other abrasive and nonabrasive materials. 

I. AIR CONCENTRATORS USING A CONTINVOrS BLAST OF AIR 

The devices are of many forms, the Mumford and Moodie being shown 
in Fig. 178. Upon a horirontal disk D, revolving at a high speed, the dry ore 
IS fed in a steady stream from the hopper C. The particles are thrown out 
radially m a horisontal direction but are stopped by an enclosing vertical, 

truncated cone, expanding slightly downward, 
which surrounds the disk, In the annular space 
between the disk and the cone is an upward cur¬ 
rent of air induced by fan blades A , revolving with 
the disk. This current lifts the lighter portion 
and discharges it in an outer chamber E, while 
the heavier particles fall in an inner chamber //. 
Having dropped its charge, the air returns from 
the outer to the inner as shown by the arrow.s, 
being distributed to the pulp by the perforated 
plates (?. and acta over agun. It is made in three 
sixes, 3^ to 6 feet in diameter, and they treat from 
1 to 4 tons per hour. The advantage lies in its 
compactness for performing the duty of a screen, 
separating fine dust from coarser material. 

Air has been used to some extent in this 
country for getting dust out of coal. It is parti¬ 
cularly advantageous to remove the dust before 
washing coal, aa the dust hinders the washing of 
coarser sixes, increases the percentage of loss, and, 
adhering to the washed coal, prevents it from dry¬ 
ing quickly. When handling 500 tons of coal a 
day, it costs about 5 cents per ton treated to 
remove the dust. 

Air is used in dressing asbestos at Thetford, Quebec, where rock which 
has been reduced in a Cyclone pulverizer is passed over an ll-mesh shaking 
screen, and from the oversize of this screen the fibrous portion is drawn away 
from the sand by an air current. 

Air may be used to take injurious dust out of the ore in a dry-miUing opera¬ 
tion, thus safeguarding the health of the workman. 

Raymond Air-separation System. —The Raymond air-separation system, 
Fig. 179, is really a part of the Raymond mill. In faetj the grinding action 
of the mill is dependent upon and inseparable from the air-separation extern. 
The Raymond mill has already been described in connection with the chapter 
on grin^ng. Beneath the grinding chamber of a Raymond mill are air-inlet 
ports. Just as soon as the rolls pass over the materi^, the air takes it away, 
lifting it up, at the same time imparting to the material a whirling or circular 
motion. As the material passes up \sith its cyclonic motion, the whirling 
currents travel in a larger and larger circular path, because of the increased 
rai^us of the separator, and the coarser particles, due to the action of centrif¬ 
ugal force, are constantly being thrown against the sides of the separator and 
drop back to the mill to be reground. At the same time the finer particles, 
upon which the centrifugal force is not great enough to overcome the fan 
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t« hue tlie ivalls of the collector and eventually drop through the bottom as 


system. 


finished product. The air, being freed from the material, passes up through 
the top oJ the collector into the return air pipe, which delivers the air back 
to the portholes under the grinding chamber. 

The Gavco Air Sep.\rator. —This machine consists of a development of 
the Emerick or the Pfeiffer separator which came into use about 35 or 40 years 
ago. It is shown in section in Fig. 180- It consists of an outer casing, an 
inner separating chamber, a hollow shaft, to which are attached two sets of 
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fans, carrying a distributing plate at the lower end, a stationary feed pipe 
extending down inside the hollow shaft, and a damper to regulate the amount 
of air circulating through the inner chamber. The hollow shaft, carrying the 
distributing plate and the upper and the lower fans, is caused to rotate at a 
relatively slow speed of about 176 revolutions per minute. 

Material is fed into the stationary feed pipe and, falling on the revolving 
distributing plate, is thrown off in a thin sheet. The revolving lower fan draws 
a current of air up through this thin sheet of material carrying the particles, 
fine enough to be lifted by the air current, up into the centrifugal separating 
chamber, where they are subjected to a positive siring action by mechanically 
developed centrifugal force, operating in a horisontal direction, w'hich grades 
the material, throwing out the coarser particles, but allowing those of the 

derired fineness to pass up into the fan 
chamber. The upper fan discharges the 
dusUladen air into the space between the 
separating chamber and the outlet casing, 
imparting to it a cyclonic action w'hich 
tends to force the dust against the outer 
caring, dow’n which it slides to the fines 
outlet in the bottom. The air, freed of 
most of the dust, agrin enters the separating 
chamber, passing through the dust-filter 
baffles, which remove the dust still remrin- 
iDg in suspension. Just within the baffles 
is the slotted damper, which may be 
adjusted to vary the fineness of product and 
can be operated by the adjusting crank 
while the machine is in operation, if it be¬ 
comes necessary to produce a finer or coarser 
product. Aa the air leaves the damper, it 
agrin passes through the curtain of coarser 
material falling oD the lower edge of the 
inner casing, removing any fine particles 
w'hich were not taken out when the material 
w*as first spread by the distributing plate. 
The coarse or the oversise product falls 
into the lower inner cone and passes out vhrough the side s|>out. 

In this separator, two forces are employed: one, a Lifting force; the other, a 
centrifugal force; causing the material to travel in an upward spiral. As the 
centrifugal force is generated by the rotating fans, it is obvious that, by 
increasing or decreasing the number of fans or the sise of the same, the material 
can be made to rotate foster or slow*er with the result that a larger or smaller 
quantity of material can be abstracted and thus vary the fineness of the 
finished product. As the air leaves the fan chamber and eaters the outer 
casing, it has a rotating motion which tends to throw the dust to the outside, 
but, as there is still some dust remaining in the rir at the rime it enters the 
space beneath the separating chamber, baffles are provided w'hich cause the 
direction of the air current to be reversed and this tends to throw out dust 
remaining in suspension. The inner baffles are so arranged that, by turning 
a crank on the outside of the separator, the Stance between them can be 
varied, thus varying the velocity of the circulating air current, which in turn 
will vary the fineness of the product. This gives a considerable adjustment, 
but, in addition, the size and number of the fan blades can be changed so that 
the same separator will give products ranging from 80 to 326 mesh and finer. 
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The capacities are dependent on the weight of the ^^w^tmndrcd 

the fineness of the finished product. They range from a few huna^ 
poun£ pfr ho^on the 30-mch la^ratory^machine to 20 tons per hour on the 
14 -foot separator, when turning out a product such as cement. 

II. AIR CONCENTRATORS WHICH FROJECT THE PARTICLES BT A FORCE OTHER 

THAN AM AIR BLAST 

The Pape-Henneberg separator belongs in thb class. The ore partiolra 
are thrown out radially from a revolving disk and meet a cuwent of mr travel¬ 
ing in the opposite direction. The dust is earned along with the air current 
and discharged through a central opening. The coarser 

in concentric troughs, those with the greatest momentum going to the farthest 
trough: the others being caught in intermediate troughs according to their 
momentum. 

III, AIR CONCENTRATORS U5INO INTERUnTENT PtJLSATlONS OF AIR TO EFFECT 

THE SEPARATION 

Air Jigs.—A n air jig subeiitutos wr for water as the pupating medium 
for effecting the separation. Such a machine is shown in section m Fig. lol. 



In chamber A is a rectangular diaphragm a actuated by eccentrics d, which in 
turn are driven by means of a belt and pulley. This diaphragm is so con¬ 
structed that at each revolution a strong mr blast is communicated through 
the valves 0 to the treatment surface /. This treatment surface consists of 
broadcloth stret^ed tightly over the grated sieve g. The concentrating top 
is mounted on the broadcloth surface and consists of two sets of guide strips, 
running diagonally to each other and at angles of 30 to 45 degrees with the side 
of the frame. The lower set of strips ff are of brass, ^ inch thick, i to i 
inch high, and f to H fBches apart. The upper set of strips /, called skim- 
mem,” run upon and diagonally across the lower set. They are also of brass, 
<iV inch thick, 3^ inches high, and } to f inch apart. Ore is fed at the upper 
end of the rectangular jig bed and moves down the tncline where it is separated 
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by the dr pulsations into conceotrate, middling, and tailing which are dis¬ 
charged over the inclined tail F. Here adjustable dividers divert the prod¬ 
ucts into different receptacles. The function of the diagonal guide strips 
is to wedge the ore particles ddewise as they move downward and toward 
the tail. Thus the lower guides force the bottom layer or concentrate toward 
one side, and the up|»r guides or skimmers force the top layer, or idling, 
toward the opposite side with the result that, when the tdl F is reached, 
one side of the stream U concentrate, the other side is tailing, and the middling 
lies in between. One may thus designate the four ddee of the jig as the ‘*feed 
end,^’ the “roncentrate side,” the “tailing side,” and the “discharge end.” 
The lower guides extend all the way across the jig, but the upper guides termi¬ 
nate 2 inches from the side wall, thus forming a trough, or channel, for the 
tailing extending up inside of the jig for a distance of 23 inches from the dis¬ 
charge end- The concentrating top may be removed at will and adjustments 
may also be made in the lateral or vertical inclination of the top. 

The ore to be treated should not be coarser than 2 millimeters and should be 
very closely siaed. The speed of the machine varies from 350 revolutions per 
minute for coarse material to 450 for fine. The capacity of the machine 
varies from 9 to 10 tons per 24 hours and the horseiMwer required from H 
to 2. The machine rcjquires, not only that a constant rate of feed be main¬ 
tained, but also that the percentage of concentrate in the feed be constant. If 
not, the operator must be constantly changing the adjustments. One man 
can tend six machines. 

Other forms of air jin are the Krom and the Plumb. The latter uses a 
revolving cock to give the air pulsations. It should be noted that air jigs 
use no suction. Air jigs for coal are described in Chapter XIX. 

r7. PNEUbUTlC TABLBB 

Tbe PNfiOtfATic TABLE described here is a table of the Wilfley type with 
main sills, tilting frame, supports, table top, and a head motion which gives 

a jerking pro{»Uing movement to the 
grains of sand in much the same way as 
other tables. Tbe radical difference lies 

instead of water, 
which rises through the 
under a pressure of 0.5 ounce 
square inch and so completely mobi- 
sands are stratified. 
The hea\der grains are pushed forward 
by the head motion toward the con- 
Fjg. 182.—Data!I of Sutton. suM* ceotrate side; the lighter grains roll or 
St«lo pneum»iic table. flow by gravity down the slope toward 

tbe tailing side. 

The construction of tbe table is tbe matter of greatest interest and impor¬ 
tance. Its outline is rectangular with the usual feeing side, mechanism side, 
tailing side, and concentrate side. In plan tbe skeleton looks like a wooden 
grizzly, while Fig. 182 show's a cross-section detail in which A is the pervious 
cloth top; B, impervious paper strips; C, supporting ribs; D, 0 |>en cloth to 
support tbe paper strips. The paper strips are narrow, tapering, and ter¬ 
minated along a diagonal line. AImvc is the layer of pervious muslin cloth; 
the space betw'een and beneath the bars is used as a pressure box into which ui 
is fed by a separate blower for each table. 

The speed of vibration is high, 450 to 500 revolutions per minute. This, 
combined ndth the great mobility of the sand, owing to the rising air current, 
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gives the table a capacity which is said to be 2.6 to 3 times as great as that of 

a Wilfley table on the same ore. . , . , . . 

The oust has to be removed and the coarse material closely siwd before 
beina fed to the table. The dust cannot be concentrated. 

Pneumatic tables are used extensively on coal and descnptions of these coal 

tables will be found in Chapter XIX. _ 

Dry Blanket.—A primitive method of winnowing and concentrating ore 
dry upon a blanket exists in some parts of Mexico. Two men roll and tc^ 
the finely broken ore in a blanket, exposing it to the action of the wind. 1 ne 
finest portion is blown away; the rich portions of horn silver and metallic 
gold become entangled in the hair of the blanket, while the poorer part is 

turned off. ,. ... j * i • 

Dry Panning. —A method of dry panning, combined with hand 
winnowing, and blowing with the mouth, U used in the placer gold fields of 
Western Australia- ... y i • / 

Advantages of Air as Compared with Water. —The chief claim lor 
favor is in the ready accessibility of a medium of separation, without the 
cost of pumping, especially in dry climates. It also gives no trouble from 
freesing in cold weather, it has no harmful chemical action on the products, 
and its products are dry and ready to ship. Where the rich mineral is of very 
high value and also soft and brittle, as In tel I u rides and gray copper, it is ewy 
to draw off and to settle dust, rich enough to ship, by the dust chamber. This 
may give a greater saving than the wet method, which has greater losses m 
tailing and greater difficulty in settling fine slime. The greasy flotation, 
which causes some loss and much trouble with water treatment, does not occur 
with air. The cohesion l^tw'een mineral particles and the medium is less in 
the case of air than in water. The enveloping film is probably thinner and 
more easily brushed away. This is an advant^e only in settling finer par¬ 
ticles. The lightness of the air admits of a higher number of pulsions per 
minute than with water, and this has to be taken advantage of in order to 
bring up the capacity to that of a hydraulic jig, working upon similar material. 

It is commonly held that a closer separation of minerals can be made in air 
than in water, but air separation is usually considered to be applicable only 
to special problems and in cleaning coal. 

Owing to the higher friction of particles settling in water and also to the 
higher specific gravity of water, which gives greater buoyancy, the velocity 
of current need not be so great as with air. In other words, the effect of density 
in water is equivalent to the effect of velocity in air. 

In water concentration, graded crushing is advantageous, since the coarser 
sizes and the dust are easily treated; the reverse is true in the use of air, which 
cannot be used with coarse sizes, and the fine crushing makes much dust which 
cannot be so well treated as by water. 

With water the film-surface treatment is a natural method of separation. 
With air it is a difiBcult method and bard to control; in fact, only one machine 
using this idea is known to the author. 

Water disintegrates clayey matter and dissolves soluble salts, freeing the 
particles cemented by them. In both cases the particles are left free for 
individual treatment. Air effects neither of these results. 

Air reauires that the whole batch should be made perfectly dry at the 
start, wbicn may be a costly operation. Water concentration at most requires 
only that the concentrate should be dried preparatory to shipping. 

Fine, dry particles adhere to coarser grains more or less and may contam¬ 
inate the waste product with rich mineral or lower the value of the concentrate 
with poor mineral- This adhesion may or may not be caused by electricity. 
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Reasoniog from what takes place in some of the manufactories, analogy would 
seem to point to it as the cause. In the case of coal there are several records 
of instances where the dry method, by blowing sir, gave less adhering dust than 
the water coDcentration. 

Since air jigs are all pulsion jigs, not using suction at all, and since the 
diameter ratio for quarts and galena, for example, when settling freely in the 
air, is less than in water, it follows that the feed to sir jigs should be more closely 
sized than for hydraulic jigs, and this »zing will of necessity reach much finer 
sizes. A probable reason for the absence of suction is the greater clearance 
loss between pulsion and suction in air, which is due to the elasticity of the air, 
and which does not exist in water. 

Since air diffuses, while water seeks its own level, the air is robbed of one 
of the principles which helps the hydraulic jig to be self-regulating. Since a 
hydraulic jig can have upon its sieve a bed of mineral which permits grains 
that rightly belong in the hutch to go there, and causes gr^ns that belong 
in the tailing to be held up and sent there, while the air jig cannot have a bed 
acting in that way, the air jig loses a second important means of being made 
self-regulating. 

Adbbsion 

The best example of adhesion is the greased table used for saving diamonds 
in South Africa. Jig concentrates containing diamonds and other heavy 
minerals are washed down over an inclined table covered with grease. The 
diamonds adhere to the greased surface; the other minerals do not. Periodi¬ 
cally the grease b scraped off and melted and the diamonds recovered. 

Disinteoratinq akd Screening 

Ores may contain certain minerals of such different friability or such differ¬ 
ent habit that a fair separation can be made by careful crushing in connection 
n*ith screening. Tabular minerals such as mica and molybdenite lend them¬ 
selves to a fair separation by thb method. The mineral and gangue may bo 
separated by a combination of roll crushing and screening. 

Tests made upon low-grade telluride ores from the Cripple Creek district 
of Colorado show a considerable concentration of values by simple crushing 
and sizing. This is accounted for by the fact that most of the telluride gold 
values are deposited on cleavage planes, and, in crushing, these faces are first 
exposed and ground to fines which may be removed by screening. 

Decrepitation and Scrbeking 

Certain crystallised minerals, such as calcite, barite, and fluorite and even 
pyrite, decrepitate (fly to pieces) to a remarkable extent when heated, while 
other minorab (especially the amorphous varieties, including 8|>halerite) do not 
have this property. Consequently, careful heating in connection with screen¬ 
ing may $cr%'e to make a separation of mlnerab whose specific gravities are so 
near one another as to render separation in the ordinary way difficult or impos¬ 
sible. Even crystalline barite and sphalerite have been separated, the barite 
decrepitating at a lower temperature than blende. 

This process also finds commercial application in the preparation of borax 
since the mineral colcmanite flies to pieces on heatii^ while the siliceous impuri¬ 
ties do not. 

Roastinq fob Pobositt 

Some minerals, such as pyrite, become porous on roasting. Their virtual 
specific gravity (that b, the specific gravity of the porous mass) b thereby 



313 


MISCELLANEOUS PROCESSES OP SEPARATION 


decreased sufficiently for separations P«viously impossible. The t^ most 

common examples are the ^paration of “tin” conoen- 

^nA thp seoskratioft of pynte from sphalente. In tne '-/Ornisn uu ^ 
t^ion works, the concentrates, consisting of cassiUntc, j ’ 

iLd are roasted in revolving furnaces to change the dense sulphides 

j^to the light and porous oxides, which are then washed away. 

Centrifugal Separation 

Centrifugal force attracta the attention of the ore dresser along several 
different lines. 

The formulas for centrifugal force are 

0.000341 X WRN* 


F * 


gR 

2rRN 

60 


where F — centrifugal force in pounds. 

W » weight in pounds. 

V ^ peripheral velocity in feet per second. 

g B 32.2. 

R B radius in feet. 

N • revolutions per minute. .... i» ^ * 

Two machines, the feck and the Eccleston, have been built in an effort to 
utiUse this principle of separation, The results have been promi^ng, but the 
success of flotation has caused the work on them to be temporarily dropped. 
Incidentally, the latter machine seems to offer some possi^biUty as a rapid and 
efficient filtering and dewatering device for sUme and for flotation concentrate. 


WBATHEfaNO 

Some rocks disintegrate rather rapidly on exposure to the weather, notably 
those of a clayey or a marly character and certain altered volcanic rocks. Fre¬ 
quent frosts and either the absorption or the evaporation of water are espe¬ 
cially active causes of this weathering. The “blue ground" in which are found 
the diamonds of Kimberley, South Africa, is an altered pendotite. After min¬ 
ing, it is spread out about 10 inches deep on immense “floors ’ which are simply 
open ground cleared of grass, brush, and loose stones. The first treatment 
consists in running harrows back and forth between two traction engines 
placed several hundred yards apart. Most of the lumps, which at first are 
compact, gradually disintegrate and fall to pieces. After a certain period the 
most refractory lumps are collected and taken to the dressing works to be 
crushed, sised, ii^d, etc. What remains on the floors is then harrowed again, 
and, if there has not been enough rain, the rock is wetted by hose, there being 
a complete system of pipes for this purpose. After another period of weather¬ 
ing, the rock is shipped to the dressing works. The time required to weather 
the rock varies from 3 months to a year or more, depending on the season and 
on the mine from which it comes. 

Recently this method has been largely pven up because it tied up an enor¬ 
mous amount of money in untreated material. The diamond-bearing ground 
is now brought directly from the mine to a crushing plant. 


Agglomeration and Tabling 


The process of agglomeration and tabling has already been briefly men¬ 
tioned in Chapter Xlll and will not be described further here. However, it 
should be added that the separation of the agglomerated minerals from the 
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UDagglomerated minerala may be carried out by simple water classification, 
washing in a pan, or by any wet process which gives any kind of a sorting or 
sizing separation, because the concentrate agglomerates may be made rela^ 
tively large in comparison with the gangue particles. 

Heavy*uquid and Heavy'Density Processes 

Separation of mineral particles by virtue of their specific gravity differences 
alone, irrespective of particle size, by floating or sinking in liquids of density 
intermediate between the densities of the minerals to be separated, is an 
accurate method which has been of great value in the laboratory. The use of 
a heavy liquid such as a solution of zinc chloride for the so-c^led ''float and 
sink” tests on coal is widespread. 

Commercial application of this method involves washing of the products to 
recover the reagent and the concentration of the diluted wash liquor up to the 
original density of the separating liquid. Even with thorough washing some 
of the reagent remains on the products and is lost. The various liquids which 
are heavy enough to be used for metalliferous ores in laboratory testing are 
expensive, and this precludes their commercial application in mills. How¬ 
ever, on coal, which has a lower specific gravity than ores, there has been a 
limited commercial application of heavy solutions of cheaper reagents. A coal 
plant in Great Britain has used the L^ing process w'hlch empm}^ a calcium 
chloride solution as heavy liquid. The duPont Company has recently 
announced a heavy-liquid process for coals which uses heavy-liquid compounds 
such as pentachlorethane and tetrabromethane. 

The equivalent of the action of a heavy liquid may be obtained bv employ¬ 
ing a heavy-den.‘«ity medium or pulp conristing of a mixture of solid particles 
and water. This is generally known as a "heavy-density process.” If to a 
liter of water sufficient sand, of say 2.6 specific pavity, is added to make a total 
volume of 2 liters of pulp, the liter of water will weigh 1 kilogram and the sand 
which forms the other liter will weight 2.6 kilograms making the total weight of 
the 2 liters 3.6 kilograms, and the specific gravity of the mixture is 1.8. If the 
sand be kept in suspension or in quicksand condition by agitation or other 
means, any material with sp^ific gravity greater than 1.8 will sink in the 
medium and any material with specific gravity below 1.8 will float. The 
process is not applicable to fine material, as fine particles of heavy mineral 
settle very slowly in the medium and sUmes may not settle at all. Further¬ 
more, the recovery of the medium, some of which inevitably comes off with both 
the sink product and the float product, becomes a problem where particles of 
the product are as fine as the particles of the material used to form the heavy- 
density medium. The commercial fine limit of feed is therefore about i inch. 

The material used to form the medium will vary according to the density 
sought. Siliceous sand, barite, magnetite, galena, and finely ground high 
silicon iron are among the materials that have been used. The Chance and 
other processes for coal are described in Chapter XIX. Chance uses granular 
sand or siliceous tailings of a uniform sise around 40 or 60 mesh. Processes 
ba.sed on the Wuensch patents employ finer material so that the medium 
resembles a mud. A Wuensch plant on coal at Pittsburg, Kansas, has a low- 
gravity medium while plants on rinc ores at Mascot, Tennessee, and lecher, 
Oklahoma, have finely ground galena. On Mesabi iron ore at Lake Superior 
finely ground iron has been used. 

The apparatus for these processes is essentially simple, consisting chiefly of 
a cone in which the heavy-den^ty pulp is maintained in a state of suspe^ion 
by mechanical or hydraulic means, or by a combination of both. Auxiliary 
equipment for removing adhering p^icles of medium from the products con- 
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making Yvery cl^ gravity aeparaUon of coarse- and 

Both at Mascot and Picher it takes out clean ganpe aW ® ^8® 

fViiiR relieves the load on the jigs and enables them to do better work. 

^The use of heavy pulps instead of water in ordinary gravity-concentration 
machines, such as jigs, should theoretically give better separations and has 
flhown some possibilities in iron-ore concentration. . 

The Air-s^d process for coal is also in pnnciple a heavy-dewity proc^, 
differing f.^the^oregoing only in using a bed of sand « the ^parating 
medium, the sand being kept in a mobde or quicksand condiUon by blowing 

ur up through it. 



CHAPTER XV 


ACCESSORY APPARATUS 

Under this head are described machines and apparatus that form con* 
nftctmg links between the different machines of a mill; and also those that 
control speed of running and value of products. They are bins, samplers, 
feeders, distnbutors, water regulators, conveyors, elevators, pumps, launders, 
unwaterers, filters, dners, etc. 

Bins and RBceiviNO Floors 

The varring production of ore in a mine calls for receiving bins or floors 
at the mill, large enough to serve for storage when the mine is producing 
faster than the mill can treat, and thus provide ore for the mill when none is 
being received from the mine. It often happens that mining or milling is 
done for 24 hours, while hoisting or shipping is done for only 12 hours. A 
common rule for the sise of bins is that they shall hold at least 24 hours’ pro¬ 
duction of the mine, and they are often much larger. Custom mills, which 
treat ores from a number of mines, returning the concentrates and receiving 
pay for the work done, require more storage room than others and must have 
separate bins for individual lots. 

Ore bins must be strongly constructed and braced in order to support 
their heavy loads and to withstand the shocks due to dumping the ore into 
them. They may have flat bottoms where economy in ^t cost requires it, 
or where increased capacity is sought. These, however, require more labor to 
completely discharge the ore than do sloping bottoms. The sloping bottom 
is made by laying timbers down the slope; and then boards are laid across 
the timbers, or else stringers are laid across tbe timbers, and the boards are 
laid down the slope on tbe stringers. In either case there should be a second 
layer of boards breaking ioints with the first, to make the bottom tight. The 
bottom ^rill wear better when tbe grain of the wood runs down the slope than 
when it runs across. Bins should he lined with plate iron where the ore strikes 
when it is dumped in. 

The labor required for discharging a bin depends upon its shape. In 
some mills the bins slope in three directions to a chute in front, ^metimes 
bins are made with hopper bottoms and discharge by a chute to a conveyor 
belt placed underneath. Bins sloping in but one Erection and flat bins cannot 
be completely discharged without shoveling. The discharge from the bins 
is usually regulated by a rack-and-pinion operated gate. Intermediate bins 
are very frequently used in mills so that a stoppage in one part of the mill 
does not necessitate a complete shutdown. These bins in wet mills are often 
constructed of plank, with no attempt to make tight joints, and lined on the 
inside with burlap through which the water can percolate, leaving the ore 
behind. These bins are much used where a product is m^e that requires 
further and different treatment, for example, an iron-anc product from tables 
or from jigs w'hich is to be subjected to roasting and to magnetic separation. 
Bins for storing concentrate are often provided with steam coils which serve to 
dry the concentrate and prevent freesing in the bins in winter. 
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Samplers 

Sampling consists in obtaining, from a lot of ore, a smaU 
shall represent as perfectly as possible the exact proportions oi the i-onsti^ 
uents TThe orighml batch of^. This involve two o^rations which 
procled by altemlte stages: (I) cutting down or reduwng the weight of the 
iiuBDle and (2) crushing or reducing the si*e of the particles. 

Samoline and assaying are required in milling to determine the 

ore what losses are taking place in the tailing, the quality of the middling, 
In^the vX ^fhe wncentmte. Consequently, the selection of the pro^r 
methods of sampling is important. This work must be so 

to lose dust or fine sUme, which belongs to the <>« “ fu ® P.le loS 

are often very rich, and a larger error would be made by their loss than the loss 

Tsamplrmry be tSfen from a stream of ore while it is 
one place to another, in which case it is called a “ running sample ; or it may 
be taken from a carload lot or an accumulated product. A running 
taken either by hand or by machine; but machine methods are more common 

^^^SiVficui/ties AtTEKDiNO SAMPLING.—The most difficult ores to sample 
are those in which precious-metal values occur as native metal or in small 
quantities of very high-grade material earned m a barren 
Ae native metal, or the high-grade mineral, occurs m large masses, or 
the difficulty of obtaining concordant resulU is much greats than when the 
values are finely disseminated through the ma^ of the ore. Of such ores, the 
most difficult to sample correctly are those which show the greatest contrast 
between the assay values of their largest particles. In this cIm belongs 
also any ore which, as received at the sampling works, may not show greatly 
contrasting values in its lai^t particles but which, after a varying fineness 
of crushing, shows extreme variations. Such an ore frequently contains 
extremely rich particles which crack off as crushing proceeds, gi\ing at some 
point a product consisting of equally sized particles of nearly pure gold and 
barren rock. If a sufficiently large sample b not Uken, even after such an 
ore has been crushed to 8 or 10 mesh, it may easily happen that two samples 
will vary by 10, 20, or even a greater per cent. 

REquiaiTES to Accuracy. —The first requbite to accuracy m sampling 
is that the sample and reject shall be uniform in composition at each stage in 
the process of division. This necessitetes perfect mixing, accurate division, 
and thorough cleanliness during the entire operation. Between each cutting 
down of the sample, the sample should be recrushed sufficiently so that the 
ratio of the diameter of the largest particles to the weight of the sample to be 
taken shall not exce^ a certain safe proportion. On the supposition that the 
mixing and division of the ore are carried on so perfectly as to realize the above 
conditions, the possible limit of error in each case is the ratio between the 
weights of the sample and the weight of the coarsest high-grade particle con¬ 
tained therein. Thb b evident from the fact that no amount of mixing and 
careful divbion can make the sample and reject alike in value when the lot 
b^ore division contains an uneven number of large high-grade ore particles. 

Hand sampling b done in various ways, which will now be noted. 

Fractumal Selection hy Shovel. —When ore b being moved by a shovel, 
either to load or to unload it, every fifth, tenth, or twentieth shovelful, accord¬ 
ing to the richness of the ore and the dbtribution of the minerals, may be 
thrown to one side for a sample. Similarly, w*hen unloading ore in sacks, 
every ^th or tenth sack may be set aside. Thb sample, after being crushed to 
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r^uce the aae of lumps, may again be reduced in quantity by setting aside 
alternate shovelfuls as a sample. This routine may be repeated several 
times until the sample needs crushing agmn, but a smaller shovel must be used 
when the regulation shovelful becomes too large a proportion of the lot 

Quorfm^.—The crushed ore, when brought to the sampling floor in 
sacks or 10 barrows, is deposited evenly in a large ring. The attendant then 
shovels it into a conical heap in the center, while walking slowly around the 
rhig. He should not shovel too much ore in passing once around, lest a part 
of the ore be too much bunched. Every shovelful should drop systematically 
upon the apex of the cone, all sides of the cone thus receiving contributions 
from each shovelful of ore. The ore is now raked out into a new ring by a 
shovel or a hoe and reconed, or it may be directly shoveled into a new cone 
on another part of the floor. This process of reconing will be repeated until 
the batch is satisfactorily mixed, and then the cone is systematically flattened 
by raking the ore out from the apex, while walking around it. The flattened 
cone is marked off into quarters, with a stick or a board on edge, along two 
diameters at right angles to each other. Two opposite quarters are shoveled 
away for the sample, taking care to save all the fine as well as coarse ore belongs 
ing to the samples; and, if the lumps are small enough, the sample may be 
mixed as before and ag^n cut down. 

If there is much variation in the sixes of the ore particles, as there is very 
likely to be, the fine tends to separate from the coarse, and thereby prevents 
thorough mixing. This separation is much lessened when the ore is somewhat 
damp, l>ut the moisture must not be sufficient to make the ore ball up into 
large masses. The floor on which this work is done must be clean, smooth, 
and free from cracks; hence it is best to have it covered with iron or with 
steel plates. 

Fractional Selection by Split-$hovel, Riffle^ and Jonec Sampler .—The split 
shovel is a fork in which the pronp arc separate scoops, each scoop being the 
same width as the space between toe scoops. It is \aia upon the ground, and a 
shovelful of ore spread over its surface, the shovel being moved back and 
forth across the scoops while the ore is sliding off. The split shovel is lifted, 
leaving on the floor the ore which went into the spaces Ik tween the scoops, 
and what went into the scoops is emptied on a heap bv itself. The riffle is 
the same thing, except that it is larger and has a small handle on each side 
instead of a shovel handle on one side. It is used in the same way as the 
shovel. The riffle or the shovel is very useful in the assay office when the 
quantities become small and the sixes fine. The Jones sampler is a riffle con^ 
listing of two sets of scoops sloping in op|>osite directions, instead of alter* 
nate scoops and spaces. The scoops discharge the ore as fast as it is poured 
into them, the even numbers to one side, the odd numbers to the other. For 
either of these devices, each scoop should be at least four times as wide as the 
largest particle of ore. 

Besides these methods we have pipe samples, grab samples, etc. Pipe 
sampling consists in driving a cheese scoop sampler or a pipe into the ore in the 
bins, sacks, or cars that are being sampled, and in this way removing a portion 
of the ore for a sample. Grab samples are taken by dividing the surface of 
the ore pile into squares and taking as a sample approximately equal quantities 
of ore from the corners of the squares. Running samples of the products 
coming from individual machines or of the general mill tailing are sometimes 
taken by a dipper, bucket, or similar arrangement, the whole stream being 
taken for some definite period, say 30 seconds, at definite intervals, as once 
in every 15 minutes. 
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must b^put into a cove«<l pail immediately, »that there snail oe no evai^ux^ 
tion before the test is made. As soon as possible the sample is rapidly mixe^ 
and a portion weighed out to be driedj or better, the whole ^ 

dried. The difference between the wet and dry weights, divided by the w t 
weiffht gives the percentage of moisture in the wet 

MfiCHANiCAL Samplino.—T here are seven essential features of a Perfect 
mechanical sampler: (1) It must take the whole stream of ore (wet or dry) part 
nf the time and not part of the stream all the time, because the values are never 
eteluyTstXted the atream. (2) The acoop which cuU out the sample 

rauat^move completely across and out of the stream in one direction at each 
cut for, if it enters from one side, and is then withdrawn on the same side with¬ 
out having completely crossed the stream, more ore will be taken from the side 
at which the scoop enters and leaves than from the other side. (3) In order to 
take eaual proportions from all parts of the stream, the scoop must move at a 
uniform rate, and the top of the scoop must, in all p<^ition8, be at nght angles 



the scoop vaawv ^ —• •••• —— r~- * • , . / 

SCOOP should converge toward the axis in order to take eoual proportions from 
all parts of the stream; and the scoop may be adjustable to take larger or 
ampler proportions of the ore. (5) The interval of time between cuts should 
be constant. (6) The scoops must be deep and broad enough so that ore 
which has once gotten into them will not bound out again, and. if the scoops 
have closed bottoms, they must not be allowed to fill up so that some of the 
ore runs over, as this would produce a concentration of the heavy minerals, 
especially when the ore was carried in running water. (7) The machine 
should be simple and easily accessible for cleaning, to avoid danger of con¬ 
taminating subsequent samples. For the best results the feed to the machine 
should be regular. , , . . ^ . 

The Snyder sampler (Fig. 183) has the form of a circular pan with flanng 
sides, which is set edgewise on a revolving horisontal shaft. A spout b, pro¬ 
jecting through the flaring side, passes under the feed spout a at each revolu¬ 
tion of the machine and delivers a sample into the sample spout c. During the 
rest of the revolution the material is diverted into the spout d. 

The Vezin sampler (Fig- 184) has two hollow truncated cones bolted 
together at their large bases. They are attached to a cast-iron spider, which 
is keyed to a vertic^ shaft. This shaft is supported by a collar at the upper 
end, is held in place by two guide boxes, and is driven at a constant s^d in 
one <^xection by beveled gears at the upper end. The upper cone carries one 
or more scoops, o, the openings of which have the form of sectors of a circle. 
The ore is fed from the spout 6, and the portion that enters the scoops passes 
into the interior of the cones and is conducted to the sample bin, or to the 

^ Though such a scoop may take only part of the stream at a given instant, it does take a 
true section across the stream and viitu^y takes the whole stream part of time. 



320 


TEXTBOOK Of ORB DRESSING 


rolls i/ it is to be further crushed. The main portion of the ore falls into a hop¬ 
per and is spouted to storage bins or to cars. 



Fio. 183.—Snyder Minpl«r. Fio. Minpkr. 



Electric Samplers.' —Scir*<ontained sampling units, operated electrically 
are widely used for automatic sampling of both wet and dry materials. One 

type of electric sampler is shown in Fig. 


18^. The cutter is moved horizontally 
across the ore stream by the threaded 
shaft. The small reversible motor Ih 
coupled to the screw shaft by a chain* 
and-sprocket drive. An adjustable 
electnc time switch turns the motor on 
and off and regulates the frequency of 
the cuts, One switch frequently con¬ 
trols all the electric samplers in the mill. 
Several types of cutters are available to 
6t the type of drive mechanism shown, 
the form of cutter used depending on 
the nature of the material to oe sampled 
and on the nature of the sampling inst^- 
lation. Samplers of this type are accu¬ 
rate and dependable and capable of easy 
adjustment to meet operating require¬ 
ments as to size of sample and frequency 
of sampling. They are compact and 
readily installed in existing flow* sheets. 

Comparisons. —A 


mechanical 

sampler has an advantage over band 
sampling because it eUminates the 
possibility of intentional error. More¬ 
over, it is in general cheaper. Frac¬ 
tion^ selection depends for its accu¬ 
racy on the probability that there will 
be less error in taking many small 
quantities distributed through the lot 
than in taking a few large quantities; while the accuracy of quartering 
depends on thorough mixing, which requires careful attention to the pre¬ 
cautions before mentioned. Quartering requires more labor than fractional 


Fio. 186.—Tbo Oeary-J«niUDg» antonifttic 
electric aempler. 
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selection and is not practicable /or vciy large lots, because it would require an 

When shovel sampling, the small^t sample 
could be taken to represent 20-, 40-, and ^ton lots depends ‘"e«'y 
cLracter of the mineral carrying the precious-metal valu«. When the value- 
carving mineral breaks up finely, it is obvious that a smaUer sample will suffice 
than where the value-carrying mineral is as hard as the enclosing rock and is 
liable to be found in large pieces. Under the latter con^Uons nothing Iw 
than a 5-ton sample could be considered even approximately saf^ On mn- 
of-mine ore not less than 10, 20, and 30 tons, respectively, should ^ t^en. 
If crushed to 2-inch cube, *, i, and * of the total tonnage should be taken, 
with finer crushing before cutting down further. Table 69 giv^ the minimum 
weight of samples of various sises, the ratio of the weight of the largest cube 
to the weight of the sample, and the effect upon the value caused by one cube 
assaying $100,000 per ton and having a specific gravity of 5. t av. 

Table 69 has special reference to gold ores. On ^Iver ores one-tenth of the 
sample weight given in the table is conadered sufficient. 


TABLK 69.—SMALLEST PSRUISSIBLB WEIOHT FOB SAMPLES OF GIVEN SIZE 


Sl>*> taebo* Cab* or 
MMb. 

W*i|h« of Satoplo 
Pogod*. 

lUUo of of 

Cube to 
Wai^t of SoBple. 

EOect 00 V*lu* 
Creotod by 1 Cube 
Aweyiof OlOO.OOOo 
Too. Spectfie Ortvily A 

2 taoba* ' 

1* 

r toeb 

t 

§§§§ 

J to 7.000 ' 

1 6.300 

1 ** 11.000 

1 ** 13.000 

014.43 

12.17 

0.00 

7.60 

! •• 

400 

1 ** 16.000 

3.02 

2 

300 

1 ** 31.000 

3.17 

1 

200 

X •• 71.000 

1.40 

A " 

100 

1 ** S3.000 

1.20 

V • 

76 

1 ** 230,000 

0.44 

2 MmIi 

to 

1 *’ 430,000 

0.23 

0 " 

26 

1 ” 030.000 

0.107 

6 •' 

10 

1 ** 1.000.000 

0.061 

30 “ 

4 


0.023 

SO 

1 

1 1 ** 6,600.000 

0,018 


After going through the rock breaker and passing into the rolU, each suc¬ 
cessive set of rolls cannot be expected to reduce the diameter of the cubes to 
less than i, or in other words, to i of tbeir weight. Thus a 12^ per cent sam¬ 
ple would maintain the same number of ore particles as were in the original 
lot, but as there is a greater po^ibitity of finding a piece of high-grade mineral 
in the small than in the large sises, it is probably not safe to take less than 20 
per cent for a sample. 

In shovel sampling it very often happens that when every fifth shovelful 
id taken from the sample, the sample does not finally weigh one-fifth as much 
ss the original lot, and in fact varies more than 10 per cent from so doing. This 
may be due to two causes, and the question as to how the sample mU be 
affected depends largely upon which of these two causes has brought about the 
discrepancy. If it is due merely to a mistake in counting, the sample is not 
necessarily invalidated thereby. If, however, the shoveler has taken a smaller 
shovelful when throwing into the sample bin than he has when throwing into 
the reject, the sample is thereby invalidated, since in shoveling from a pile 
there is usually more fine materia on the point of the shovel than on the heel, 
and as a consequence a larger proportion of fine ore is obtained than of the 
coarse ore. 

Limit or Automatic Sampling. —As the elimination of the personal ele¬ 
ment In sampling is always desirable, automatic sampling should be employed 
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at every stage from the ore car to the sample sack wherever this b possible. 
The importance of greater care as to cleanJiness with the necessarily smaller 
sample and the loss on account of the fineness of the material are the greatest 
drawbacks to mechanical sampling in the later stages; the point to which 
mechanical sampling should be carried depends upon the mechamcal perfeC' 
tioQ of the devices employed, principally as regards the two points mentioned. 

The following points should alwa^ be borne in mind when sampling ores: 

1. Take out a sufficient amount in the first cut to represent accurately a 
thorough sample at that siae. Where the ores are of low grade, or very uniform 
composition, a small sample will suffice. 

2. Always crush and thoroughly mix the ore between each cut, unless it 
is already fine, and in this case the greatest posrible care must be exercised 
in thoroughly mixing before making the second cut. The very essence of ore 
sampling is never to cut or reduce the ore a second time without first crush¬ 
ing to a degree of greater fineness. Example: Assume a lot of ore crushed to 
cubes of 1-inch size, and that 25 per cent is necessary to ^ve a correct sample at 
this size. If this sample is further reduced 55 per cent without recrushing, it 
simply amounts to talung out 12.6 per cent in the first cut, which, with 1-inch 
cubes, we have found to he 50 per cent too small to give a correct sample. 

Mixing comes next in importance, more especially for spotted ores. When 
the sample is crushed in rolls and elevated to the cutter, the mixing is found 
to be sufficient, provided there ia a steady feed to the rolls so that a uniform 
stream passes the cutters without intermission or break. 

3. Use riffles for reducing the size of samples after leaving the last auto¬ 
matic sampler. 

Alternate shovel sampling ia far more accurate, easier, and cheaper than 
'Zoning and quartering.’’ Suppose 10,000 pounda of ore are to be sampled. 
By alternating shovels the workman will make 1000 cute to halve the quantity 
as against two cuts by ’’ coning and quartering.” The disadvantages of "con¬ 
ing and quartering” are that the fine material always forms the apex of the cone 
while the coarse particles find their way toward the perimeter. It is well-nigh 
impossible to keep the cone truly vertical, and in this we have the first source 
of error. The next stage is leveling off the cone to form a cake of ore of uniform 
thickness and equal ^ameters at all points of the perimeter; and lastly, divid¬ 
ing the ore cake into quarters, taking opposite ones for samples, and rejecting 
the others. There are many sources of error in the method. 

Automatic Febders 

Automatic feeders are mechanical devices intended to avoid the necessity 
of hand feeding. When once set, they should deliver the ore as nearly as possi¬ 
ble at a definite rate (in pounds per minute), and they should be adjustable to 
feed fast or slow. In the case of a sUmp battery, the rate is automatically 
regulated by the action of the battery itself. The feeder should not con¬ 
centrate the ore, delivering richer material at first and poorer later, or vice 
versa, but must deliver a uniform quality of material throughout. Clayey 
or other sticky ores cause difficulty with some feeders. 

Hendy’s Challenge feeder, shown in Fig. 186, finds wide use in stamp 
milb. It consbts of a circular table a, inclined about 12J degrees, and slowly 
revolved by beveled gears beneath. A hopper r delivers the ore on one side 
of thb table, and a fixed scraper c b so arranged that, when the ore reaches a 
certain point, it b scraped into the stamp mortar. The stamp in falling 
depresses the buffer rod r which through suitable levers and the friction toggles 
g turns the table. It stands up well under hard service and feeds even clayey 
and sticky ores without much difficulty. The amount of each movement is 
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limited by means of the band screw « which is clamped in place by the lock 
nut t. 



TiQ- ISS.—or* 



Pia. 137.—The Rom chain f««d*r aod bar gritaly. 


The Ross C^in Feeder. — ^The Ross feeder (Fig. 187) is particularly 
adapted for feeding coarse material» such as the feed to primary breakers. 
The cross section snows an installation with a short grissly section added to 
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by-pas8 underside. The feeder con^ts of & curtwn of heavy endlesa steel 
chains, driven by an overhead tumbler and suspended to lie on the material 
and travel \v\th it. The feeder is made in widths from 6 inches up to 20 feet 
in a wide ran^ of chain sizes, and accordingly may be applied to a wide 
variety of feeding problems. The rate of feed is adjustable by variation of 
tumbler or sprocket speed. 

Roll Feeder. —A simple type of feeder is the roll feeder, shown in Fig. 188. 
It consists of a roll revolving slowly about a horizont^ axis. The roll is 



Fio. 1S8.—Roll Fxo. ISC.—B«lt d«Uv*riaf U> a M% oonv«yor. 

located beneath the discharge of a hopper containing the ore. By varying 
the speed of the roll or the width of the opening between the face of the roll and 
the oiscbarge nte, the rate of feed may be varied. 

Belt and uonveyor-type Feeders. —A t^ical conveyor feeder arrange* 
ment b shown in Fig. 18d. The feeder may be of the belt type, steel*apron 
or steeUpan type, depending upon the nature of the material to be fed. 
The feeder is mounted beneath a hopper>shaped discharge in the bottom of 
the ore bin, The rate of feed may be varied by chanong either the belt speed 
or the size of the hopper*gate discharge opening. Feeders of tbb class are 



Flo. 190.—Principle ol Jeffrey-Treylor dcctric vibretins feeder. 

widely used and give satisfactory results in a variety of applications in ore- 
dressing plants. 

The Hardinge Constant-wbwht Belt Feeder. —Thb feeder is arranged 
to deliver material at a constant rate by weight, in contrast to the usual belt 
feeder which delivers material volumetricaliy. The belt pulleys are sup¬ 
ported on a counterbalanced weighing beam, which actuates a gate regulating 
the thickness of the bed on the l^lt. Thus the weight of material on the belt 
b automatically maintmned constant at a value determined by the position 
of the counterweight on the weighing beam. 

Electric Vibrating Feeders. —These are a relatively recent innovation 
and have a number of characteristics which are very attractive to the mill 
operator. Figure 190 shows the principle of operation of these feeders. 
The steel pan or feed chute, which b freely supported or suspended, is vibrated 
electromagnetically in a direction oblique to its surface. The rock in the pan 
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is moved along the pen surface by this type of jdbration, its 
dewnding on the ampUtude and frequency of the vibrafaon. The ra^ of fe^ 
is varied by varying the amplitude oi vibraUon, which is determined by 
vJue of the exciting alternating current in the electromagnet and »ay ^ 
v&ried by use of a suitable rheostat. In some models the strength of a spring 
acTinK against the electromagnet may also be varied for f«d-rate adjustment. 
F^ersof this class are now made in a variety of sizes and of design *.0 answer 
almost any feeding requirement. Power consumed is very low. 


DlSTRlBrTORB 

DiSTRiBOTOBS are used for two purposes: to divide a stream of ore evenly 
between two or more macWnes (mill distribution); and to ^tribute the ore 
evenly to a single machine (machine distribution). The obj«t of the first is 
to give each machine its proper amount and kind of work; the object of the 
second is to give the right amount of work to each part of a single machine. 




Fio. I9la._ M^cbaoicft] divider. Fio. ieiS.->8«etioii ihowing po«k«U. 

The moat common form of mechanical distributor is shown in Fin. 191a 
and 1915. It consists of a revolving hopper (3) mounted on a spindle (5)i and 
having one discharge spout (4). The hopper revolves in a circular tank, 
divided into several compartments, each having a spout (2). 

Another method of mill distribution is the split launder which will be found 
described later in ibis chapter under Launders. 

Machine distributors usually take the form of a fan'^baped apron with 
baffles to insure even flow. The Edison distributor is another form of dis¬ 
tributor and is really only a riffle sampler with further subdivisions. 

Water Regolatohs 

It is important that water should be supplied to all the machines under a 
constant head. Without this it is impossiljle to regulate the supply to the 
machines. The best way to get a constant head is to have a larger supply 
tank which constantly overflows. Wherever several machines draw water 
from the same pipe, this pipe must be so large that the regulation of water on 
one machine affects only slightly the quantity supplied to the others. Strain¬ 
ers to remove sticks and other obstructions must be used on pumps lifting water 
to supply tanks, and it will often be necessary to use fine strainers on the pipes 
connecting the supply tanks with the machines where very close regulation 
of water is needed. The reader is referred to Trautwine's ”CSvil Engineer’s 
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Pocketbook," and to Kent's “Mechanical En^neer’a Pocketbook,” for rules 
and formal^ for planning pipes for millwork. 

To get the right quantity of water on starting after a stop, dial cocks are 
very convenient. They have been adopted by several manufacturers for the 
cocks supplying hydraulic water to classifiers. Another method is the two- 
cock system: one cock is permanently set for a desired quantity of water, tre 
other 15 used to let on and to shut off the water; in place of the first cock a 
pipe union with a perforated disk of metal may be us^, the size of the hole 
in the disk being such that it will pass the quantity of water desired. 

Appliances foe Conveying and Elevating Ore and Water 

Ore or sand, with or without water, may be lifted and conveyed in a num¬ 
ber of ways: by conveyors, bucket and platform elevators, sand wheels, and 
pumps. 

For apparatus used for convejdng and elevating coal the reader is referred 
to Chapter XIX. 


CONVEYORS 

There are two chief classes of conveyors: (1) those of the endless-belt 
type, which move forward with the product to be conveyed, for example, 




Fio. in. Pio. m. 


rubber belts, chain belts with pans, chain belts with buckets, chain scrapers 
moving in troughs; and (2) those in which the product is moved by the pro¬ 
pelling motion of a screw thread or by the jerking of an oscillating tube or 
trough. Those of the first class are xiaid for conveying on an upgrade as well 
as on a level or a dotvngrade; those of the second usually for level or downgrade. 

Rubber-belt conveyors, which are more commonly used than any other 
form, consist of endless belts running on two large pulleys or drums and with 
intermediate supporting rollers. The belts have to be of special quality of 
rubber to withstand the tvear, while cotton duck furnishes the strength. 
The greatest wear comes on the middle portion of the belt, and, to overcome 
this, the Robins belt has a thicker layer of rubber in the center. 

The design of the supporting and guiding rollers is important. There 
are several different designs: in the five-roller form (Robins, Fig. 192) (1) is the 
main supporting roller, (2) and (2) give the belt a trough shape, and (3) and (3) 
guide the belt. In the three-roUer design (Jeffrey, Fig. 193) (1) supports the 
belt and gives it a trough form, while (2) and (2) guide the bdt. With the 
single roller with skirt boards (Fig. 194) the ore is prevented from creeping off 
the edge by the skirt boards (1) and (1), but the belt is apt to be cut by lumps 
that become wedged beneath the skirt boards. With the pl^ single roller 
without skirt boards the belt can carry only a thin layer of ore, and therefore 
the capacity is small compared with the other forms. In these last two forms 
the belt is guided by the end rollers, which are made crowning in the center. 
The supporting rollers are placed near together (4 to 6 feet apart, according to 
the amount of ore carried) to avoid sagging of the belt. The idlers beneath, 
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for the return of the belt, may be twice as fw apart as the upper set, and 
inay be simple flat roUers, whatever the de^ of the set- - 

It is better to apply the power at the dehve^ end than at thy^ce v,ng 
end because in that case the tight part camw the ore. The pillow OlocM 
of one of the end rollers should be adjustable by setscrews, to take up slack 
in the belt. The driving puUey should be of sufficient 
the power without slipping. In order to lessen the wear on the belt, the o 
should be deUvered to it with as little drop and at« sniall an ^gle “ 
and should be moving forward with the saine velocity as the telt. In sev^a^ 
mills the ore from No. 1 breaker is separated by a screen, *he fine faUmg ^ 
the belt first, and so protecting it from the weanng action ‘h® 

The Utah Copper Company uses a flat belt for horiaontal or for slightly 
inclined conveyore and maintains that it is more economical to PU^hwe a 
wide enough belt to convey the load flat than to a,ttempt W ^he cap - 

city of a narrow belt by turning up ite edges and introducing additional wear¬ 
ing parts by the turnup idlers. The same company prefers flanged belts, 
simlar to vanner belts, to tumed-up belts where the inclination is steep 
(22 degrees) and the rolling of the larger particles mi^es it necessary to take 
some precautions to prevent their gettmg off the ^It. This flanged ^It is 
20 inches wide with a flange 1 inch high, which, being similar to that of a 
vanner belt, can be used ^ith a tripper, if desired. It handles 750 tons of ore 
per day and is able to convey about 1,500,000 tons of inatenal before being 
replaced The first cost of such belt is about the same as that of a Robins 
belt. The simple form of idler, and consequent fewer weanng parts, makes 

it preferable to a troughed belt. , , . 

Rubber-belt conveyors usually discharge at one end, but sometimes tnc 
ore is discharged at any desired point along the side by fixing an oblique 
scraper at that point or by special trippers in which the belt moves up a short 
incline to a roller, then passes downward and backward, around another 
roller, and again moves along in its normal direction. In making the reveree 
turn at the top, the belt delivers its load into a side-discharging hopper. The 
tripper is so constructed as to move back and forth automatically, and thus 
istribute the ore in a long bin; but it may also be set to deliver all the ore at 

any one place. ,, ..... t 

Table 70 gives the maximum possible capacities of belt conveyors oi 
different sises running at different spWds. Belt conveyors run at speeds vary¬ 
ing from 100 to 800 feet per minute. They are usually run at lower capacity 
than the table would indicate. Ore rolls back on slopes much over 20 degrees. 

TABI/E 70.—CAPACITIES OP BELT CONVETORS IN TONS OP ORE PER HOUR 
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Pan, OR PLATE, CONVEYORS consist of a series of steel pans, or plates, 
riveted or boltea to link belts. In some cases rollers are attached to the link 
pins, one on each side of each pan, to support the conveyor; in other cases 
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the pans run upon stationary rollers. At each end of the conveyor the belts 
pass over polygonal sprocket wheels, and power is received through the one 
at the delivery end. Edison puts in an extra sprocket wheel near the end so 
as to drive by a direct pull. These sprocket wheeb also serve to guide the 
belt. The pans have rectangular, flat bottoms and may have sides flaring 
upward- If the conveyor has little or no slope, the pans are open at the 
front and back, and the front edge laps on the rear edge of the preceding 
pan in order to prevent any ore from dropping through. If, however, the 
conveyor has an appreciable slope upward, the pans have raised backs. When 
simple flat plates without raised sides are used, they require skirt boards along 
the sides to keep the ore from falling off. 

A SCRAPING CONVEYOR consists of a series of vertical steel scrapers riveted 
or bolted to the links of an endless chain and drawn along in a steel trough. 
In some cases rollers attached to the link pins run on a track and keep the 
scrapers off the bottom of the trough- In other cases the scrapers move 
along on the bottom. 

A BUCKET CONVEYOR consUts of a series of steel buckets hung on trun¬ 
nions between two parallel link belts in such a manner that the buckets remain 
upright in whatever direction they move. As the buckets move continuously, 
they require special arrangements for filling, and they can be emptied at any 
point by automatic tipping arrangements. They are conwderably used in 
coal storage plants. 

Screw conveyors are revolving shafts, horiaontal or nearly so, with 
attached helical blades resembling screw threads which w'ork in .semicircular 
troughs. They are sometimes used to convey comparatively fine dry ore. 
They arc also used as feeding devices. The wear upon these conveyors is 
excessive and depreciation may amount to as much as l6o per cent per year. 

Push conveyors. —In these conveyors the ore is pushed forward in a 
trough by a scries of hoes hinged at intervals to a reciprocating ladderlike 
frame, coxnpasod of a pair of channel beams joined by suitable crossbars and 
mounted upon rollers. This frame is actuated by a crank mechanism, which 
can be placed at any convenient point. The hoes, or flights, are so hinged 
that in their forw'ard motion they bear against stops and push the materia) 
along, while in their backward motion they return to the starting point by 
dragging over the top of the material. 

The push or reciprocating conveyor has the advantage that it can be fed 
and discharged at any point; it occupies less height than the chain scraper 
conveyor, and all its wearing parts are outside of the grit, save the flights 
themselves and the trough. It is uneconomical of power, owing to the fre¬ 
quency with which the motion is re>‘ersed and to the fact that at every stroke 
the inertia of the entire lot of ore has to be overcome. This latter fact limits 
the length of the conveyor. Push conveyors are not suited for handling coarse 
material and are considerably more expensive than scraper conveyors. 

A later form of reciprocating conveyor has a trough with bottom made* 
in a serrated form. This trough is reciprocated, and at each jerk the material 
goes over a ledge and therefore attains a positive progress)>*e movement. 

The Blaisdell. System of Mechanical Ore Handling. —The Bidsdcll 
Company has perfected a method for rapid and economical handling of cyanide 
sand and table or flotation concentrate. The wet pulp comes to a movable 
hopper suspended over any one of the circular storage tanks. This hopper 
revolves a^ut a vertical axis and by means of radial spouts distributes the 
material evenly over the surface of the tank, water overflowing the periphery. 
The central discharge opening in the tank l^ttom is about 2 feet in diameter 
and is kept closed by a plug about 7 feet in length. This plug is kept in place 
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/iiirinff the filling period and until the t&nkful of solids is ready to be emptied. 
The excavator consists of a double-truss steel bridge carrying at its center a 
vertical shaft with four horisontal arms. This bridge is earned on wheels so 
that the mechanism may be moved to serve any one of a number ol ^anKs. 
Tinder the horisontal arms are mounted disks which move the sand, when tne 
shaft is revolved, toward the center of the vat- The plug has previously 
been withdrawn leaving a central discharge opening about 2 f«t in diameter 
through which the dischai^d material falls to a conveyor belt ^neath the 
tank. Upon the bridge is mounted suitable mechanism for revolving, raLsmg, 
and iowering the arms and for transferring the mechanism from one tank to 
another. 

£LEVATOR8 

The following machines are used to elevate ore and water: bucket elevators, 
sand wheels, various forms of pumps, and inclined conveyors already described. 

BucKST BLBVATORB are used for gravel or sand, with or without water. 
They are endless belts or chwns ^ith buckets attached, running upon two 
pulleys or sprocket wheels one above and one below. The direction of lift, 
in different cases, varies from vertical to an inclination of perhaps 15 or 20 
degrees toward the downcoming side. With an Inclined belt, intermediate 
supporting rollers are provided for the upgoing side of the belt. The upper 
pulley generally drives the belt, receiving power from a side pulley. The 
lower pulley is hung in sliding boxes, which can be moved by tension screws 
to tighten the belt. Dry elevators may be, and wet elevators should be, 
housed in a tight box, the lower part of which is called the ‘ 'boot** and is provided 
with a receiving spout. The Doot sometimes extends beyond the rest of the 
housing and is open at the top. There are doors in the housing to permit 
repairs, oiling, and cleaning, ^me mills have semicircular metal boots made 
so as to be dropped for ease of cleaning, etc. The buckets on the belt como 
down on the underside, scoop up the ore from the boot as they turn on the 
lower pulley (or receive the ore directly from a spout just after they turn the 
pulley), carry it to the top on the upper side of the belt, and throw it out to 
the ^charge spout by centrifugal force as they pass over the top pulley. 
The discharge spout should he covered for a few feet, to confine the ore in the 
spout. In order to prevent excessive wear at the point where the ore strikes 
the spout, it is well to construct the latter so that a protecting cover of ore 
shall be retained at that point. If this is not done, the wear may be taken 
by a cast-iron plate. The speed of travel must be such that (he buckets will 
throw their contents far enough, by centrifugal force, to make a clean discharge. 
The belt speeds found in the nulls, with a few exceptions, range from 200 to 
400 feet a minute, 300 feet being the most common figure. Because elevators 
are subject to a good deal of wear, they should be inspected frequently. 

A typical bucket elevator is shown in Fig. 195. Housinp are best built 
of wood since this is cheap and light. The simplest form of housing is made 
of horisontal boards for the sides and vertical boards for the front and the back. 
For wet elevators tongue-and-groove flooring may be substituted for plain 
boards. The boot of a wet elevator should be more roomy than that of a 
dry one. In the case of a wet elevator the bousing imme<hately above the 
boot should be extended so as to cut down the wear caused by the scouring 
action of the pulp. There should be removable sections allowing easy access 
to the boot as well as to the lower portion of the belt for repairs and inspection. 
Plugs should be provided in the boot of a wet elevator, to allow the water and 
ore to drain out when clearing the boot- If an elevator be run in closed circuit, 
a great deal of excess capacity should be provided. 
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Bv “front feeding” is meant bringing the ore to a height above the and 
to a ^sition facing the belt such that, when one bucket has passed the lower 
edee of the feed spout and received its load, there would be at least one bucket 
below which has passed the arc of contact of the belt with the pulley. Boot 
feeding” consists in bringing the ore from any angle into the boot at any point 
in front of the boot pulley. In general we may say that front feeding is 
necessary for material coarser than \ inch; on material finer than \ inch boot 
feeding may be more advantageously employed. In boot feeding the up of 
the bucket wears fastest, cutting down the capacity of the bucket- In front 
feeding there is a tendency to wear the front of the belt between the buckets, 
and also to wear holes in the bottoms of the buckets. 

Above the center of the head pulley should be placed a strong eyebolt. 
This will bo found convenient in removing pulleys and shafts and for general 
repairs- The hood of the elevator should be made readily accessible for inspec¬ 
tion of the belt and the buckets. In wet elevators the receiver edge, that is, 
the inner end of the bottom of the discharge spout, should touch a point in a 
horizontal line passing through the lowest point of the crown of the head 
pulley. This will give the necessary drop to insure all the ore leaving the 
buckets. Tlie clearance between the receiver edge and the buckets should 
not exceed j inch for either wet or dry elevators. The outer edge of the 
discharge spout of the receiver should be from 3 to 9 inches above the bottom 
so that a protective layer of ore will form in the dead box thus made. 

The proper speed of either a wet or dry elevator is very important. On 
it will depend the life and efficiency of the elevator. A complete mathematical 
discussion of the forces governing the discharge of ore from elevator buckets 
is too lengthy for this chapter. A practical rule for belt travel for a wet 
elevator in feet per minute is D X 100 + 100, where D is the diameter in feet 
of the pulley. This figures out 300 feet per minute for a 2-foot pulley. In 
an elevator which has insufficient speed, the loads from the buckets rise out 
and seem to lag behind the bucket from which they are discharged. An 
overloaded elevator will sometimes cause a selective action in that it tends to 
bring up ore instead of water. Great care must be exercised in handling 
materials of high specific gravity like galena, for such materials pack and do 
not discharge well. Finely ground ore with insufficient water also tends to 
discharge poorly. 

Splicing or joining a belt is of the utmost importance. When the length 
of the belt has been laid off and cut, the bucket spacings are laid out with a 
square and pencil. The spacing should be about the width of the belt. Close 
pacing is destructive to the belt, for it increases the likelihood of tearing. 
For splicing the belt, a butt joint with a covering piece twice the width of the 
belt is the most common, ^arf splices are less common. A liberal number 
of bolts should be used in making such a butt joint. Do not attempt to place 
a bucket on the covering piece or too close to the joint. In placing a belt 
in the housing, particularly if the belt is a heavy one, light snatch blocks may 
be employed advantageously. For making the final joint, ordinary power 
belt clamps are best for bringing the ends of the belt together. 

Buckets are made of riveted steel, seamless steel, or malleable iron. It is 
the opinion of the author that steel buckets are best; they are lighter and have 
a longer life. Buckets cannot be loaded to more than 70 per cent of their 
capacity, and 60 per cent is about the practical limit. 

The theoretical horsepower for an elevator is given by the following 
formula: 


Tons per day X 2000 X vertical lift in feet 
33,000 X 1440 
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and it U customary to add from 30 to 60 per cent to this fi^re for friction. 
In calculating wet elevators, do not overlook the water that must be lifted 
with the ore. 

Bucket elevators are considered to be the most troublesome apparatus in 
a mill. Frequent inspection is essential. Some mills avoid them by using 
inclined belt conveyors for dry or for moist ore and pumps for fine pulp. 

Sand Wheels. —These are vertical revolving wheels that carry buckets 
on the inside of wide rims. They were formerly extensively used, but of late 
years they have been largely superseded by bucket elevators or by conveyor 
belts. Sand and water are delivered to the buckets when at the lowest part 
of their revolution and are discharged near the highest point into a launder 
or into launders. The wheels are built in varying lifts, up to about 50 feet. 
Simplicity of construction and operation makes the running expense much 
less than for belt elevators. Their disadvantage lies in the large floor space 
occupied and the high initial cost of construction. As regards the proper 
speed, it is apparent that, as the speed is increased, a point will be reached at 
which centrifugal force vn\l prevent the buckets from discharging. This 
may be called the critical speed.” The speed used in practice is approxi¬ 
mately one-third of the critical speed. 

PUUP8 FOR WATEH AND PULP 

CfiNTRiFUOAL PuMPs.—Thesc are used not only for water but they are 

E referred over other pumps in elevating pulps of sand or slime and water, 
eeause they have no valves or plungers to be injured by the grit. The 
development of flotation has created a broad field of use for centrifugal pumps. 
Standard centrifugal pumps for water are not suited for pulp, as the impeller, 
the housing, and the packing gland or stuffing box, all w*ear rapidly and it is 
difficult to keep the gland from becoming leaky. Manufacturers endeavor to 
remedy these troubles bv using specie wear-resistant metal and rubber- 
covered parts. Replaceable liners are often used and in some designs clear 
water is introduced around the shaft at the inner end of the stuffing box to 
wash grit away from the stuffing box. 

VViLFLEY Centrifugal Sand Pumps. —These arc very common in ore- 
dressing plants, especially in flotation operations, and are successfullv used 
under a wide variety of operating requirements. An important design feature 
of the Wilfley pump, shown In Figs. 196o and 1965, is its use of a centrifugal 
»<eal instead of a stuffing box to prevent leakage around the shaft where it 
pajisea out of the pumping chamber. This centrifugal seal or expeller (I) is an 
integral part of the impeller or runner (2), which is of the enclosed type, and the 
expeller is mounted so as to leave a little clearance between its end and the die 
ring (3). Extending inward from the expeller cylinder are vanes set at such 
an angle as to force ^ck any pulp which tends to leak out through the clearance 
space between the expeller and the die ring. When the pump is stopped, 
leakage is prevented by an automatic check valve which closes around the 
shaft. The runner and expeller, the die ring, and the follower plate (4) usually 
wear out at about the same time, while the case (5) lasts two or three times 
longer. No liners are used. Obviously these pumps hove no suction and 
must be fed with a positive intake head. A typical installation with an intake 
sump is shown in Fig. 197. Manufacturers* data are ^ven in Tables 71 and 72. 

Diaphragm Pumps. —Diaphragm pumps, such as the Dorreo suction 
pump in Fig. 198, are frequently used for pumping thick pulps such as the 
underflow products of thickeners. The pump shown is of the suction type 
and will work against a suction lift of 6 to 8 feet, discharging by gTa\'ity. 
Diapliragm pumps of the pressure type are also made, capable of pumping 
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;n=. nrp^ure heads of up to 30 aixl 40 f<-cl. Diaphragm pumps consist 
pS^iany of a liollotv chamt»r with an automatic intake valve in 
Ire closed on top by means of a movable diaphragm in which ts set an auto¬ 
matic outlet valve/ The diaphragm Is driven up and down by an ccecntnt. 
The rate of pumping may ^ adjusted by changing citlior the number of 



Flo. 1966.—Pumping parfs of Wilfley pump. 


strokes per minute or the len^h of stroke. These means of control of the 
pumping rate are of advantage in installations where a certain rate is desirable, 
as is the case in pumping thickener underflow. 

The spiral sand pump, made by J. H. Frenier & Son, of Rutland, Vermont, 
consists of a spiral ribbon of steel plate in form like a spiral clock spring (sec 
Fig. 199). On each side is a steel dbk, which is joined to the spiral by continu- 
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ous airtight joints, thus making a spiral tube of steel with a rectangular cross 
section of constant area throughout. It is mounted on a hollow horizontal 

TABLE 71.—OPERATING BATA AND CAPACITIES OP WILPLEY CENTRIFUGAL 

SAND PU1CP8 



TABLE 72.—PROPER REVOLUTIONS PER UINUTE OP WILFLEY PUHPS AT SPECIFIED 

LIFTS 



shaft, which has an opening to connect w'ith the spiral tube. There are no 
v^ves, but the water and sand are rused by tirtue of a hydrostatic head in 



Fio. 197.—loBUlUtiOD of WilSer pump with ioUhe aump. 


each turn of the spiral, a part of each turn being filled with water and the rest 
with mr (the pump is partly immersed in water and partly in the air), The sum 
of these hydrostatic heads determines the height to which water can be forced. 
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This height, therefore, depends simply on the ^mber of turns of the spual, 
j -,/Yf m ft centrifugal pump, on the speed of re\elution, me 
fncle^ 'should be slow, because the loss of power due to friction and to centnf- 



Flu. lOS,—Th» Dorreo diapbragni metiou pump. 




Fro. 199.—Spiral sand pump. Sea1« ^ &is*. 

UKal force increases rapidly with the speed. The manufacturers recommend 
20 revolutions a minute. This pump has no suction and must be mounted in 
^e feedbox or pulp tank in which the pulp level is kept 7 inches or more 
belov the center line of the shaft. 
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Launders 

Launders are troughs for conveying water or water and sand by gravity. 
They are generally rectangular in section and made of planed boards or planks. 
Small sises are sufficiently strong and watertight w*ben made of three planed 
boards with the bottom nailed to the two sides. Large launders built of four or 
more planks require binding frames every few feet to keep the planks in line, 
and to keep the joints tight (see Fig. 200). The planks are sometimes tongued 
and grooved. To keep the cross joints tight, they are arranged to come over 
the supporting frames. Fine silt helps to fill up the joints and make them 
tight. Linings of wood are often used, being replaced when worn out. Linings 
made of mild steel or of cast-iron plate are sometimes used. The Latter cost 



Pto. 201.—Sketch for oplii Uundor. 

more at first but have longer life than wood. Wooden linings, moreover, 
become uneven before they are worn out, and therefore they require a steeper 
slope than is needed with the steel lining, because this unevenness retards the 
flow. Plate glass makes the most efficient lining for launders. Where ore 
falls into a chute or a launder, it is well to have a pocket in the bottom in 
which a certain amount of ore will collect and thus save wear. Concrete 
and tile make good launders. 

Switches are sometimes required to turn a stream of pulp or of water from 
one di^dsion of a split launder to another. In Fig. 201 the switch swings into 
place behind the projection a, the joint at that point being made tight by cotton 
waste or by a piece of rubber belting. The switch U hinged by two pieces of 
rubber belting at 6. This device m^es a good distributor. 

In mill work one .seeks the kind of launder that will convey a given quantity 
of water or of water and sand, with the least slope and least loss of mill head. 
The conditions that favor saving of slope are, therefore, important to every 
millman. If the slope is not sufficient, the sand will build up on the bottom of 
the launder and may finally cause it to overflow its sides. The simplest remedy 
for this is to increase the slope of the launder. The conditions affecting the 
slope may be stated thus: water carrying sand requires greater slope than 
water alone; coarse sand requires greater slope than fine sand; minerals of high 
specific gravity require greater slope than those of low; and pulp with a high 
percentage of sand requires greater slope than that with a lower percentage. 

Overstrom gives the diagram shown in Fig. 202. This diagram shows at 
a glance the amount of water necessary to transport any ^ven quantity of 
sand in a launder of given slope. 

For example: How much water will It take to transport 25 tons per 24 
hours, or 35 pounds per minute, of 40- to 150-mesh tailing (silica), on a i-mch to 
1-foot grade, and how wide should the launder be? If we look at Fig. 202, 
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we find at tbe bottom horizontal dimensions marked slope in inches per foot, 
if w€ follow up the vertical through the point marked 0.25 until wo come to 
the line AB, we shall find that 40 ixmuds of water per inch of ^sidth is the most 
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economical flow. Now, if we pa.ss to the plotted curve marked 40 and follow 
it until it intersects the vertical through 0.25, we shall see that 1 pound of 
water will transport 0-0375 pound of material, or 40 pouud.s will truiisporl 1.5 
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E tounds of sand per inch of width of launder per jiunute. Therefore, the 
aunder should be about 23.5 inches wide. This launder then requires 23.5 
times 40, making 940 pounds of w*ater per minute. This is the least amount of 
water which could transport the sand as specified. 

An interesting series of experiments on the flow of sand and water in a 
launder has been conducted by F. K. Blue. The purpose of these experiments 
was primarily to determine the conditions as to grade and velocity under which 
the sand in a mixture of sand and of water would fall to the bottom of the 
launder and fill it up, so that the material would run over. Information of this 
nature was desirable in designing a large stamp mill covering considerable 
area and located on nearly flat ground. It was also desired to know what 
effect the sand in suspension has on the coefficient of fluid friction of water 
running in a launder. 

An experimental launder was so constructed that the slope could be varied 
and the quantities of water and pulp» as well as the velocities, measured at will. 
With this apparatus Mr. Blue obtained a series of results from which he has 
been able to derive several formulas which should be of value to any one called 
upon to design a mill. 

These formulas for sand and water are as follows: 

5 = O.ISSVff 
V - 8.1SV^ 

when S ^ slope of launder in fractions of a foot per foot of length. 

g s ratio of the volume of wet sand or or sUme and sand to the total 
volume of the mixture flowing in the iaunder. 

V » average velocity in feet per second. 

By adding a little slime to the mixture of sand and water, enough so that 
the ratio of sand to slime was 9 to 1, Blue found that a very marked reduction in 
the frictional resistances occurred in the launder. This means, of course, 
increased velocity w'ith an increase in the relative amount of sUme contained 
in the pulp. 

For sand, slime, and water, Mr. Blue gives the formula: 

S • 0.0910v7 

Suppose it is desired to find the grade of a launder that will carry 25 per cent 
of sand by volume an<l a little slime and hold it in suspension in the water while 
flowing. If we substitute in the formula S * 0-0910VJ» g^t S ■ 0.0910 
•y/O.25 * 0.045. A grade of about 5 per cent, or \ inch to the foot, would be 
just about sufficient to keep the pulp :n suspension, hence it would be reason¬ 
ably safe to lay this launder on a grade of } inch to the foot, with a few feet 
of say H start. The launder should be designed 

much deeper than required so as to take care of any irregularities and banking 
up which might occur during a temporary reduction in the amount of water. 

If there were no sli me i n the mixture, the velocity necessary to carry this 
would be F * 8.15 VOS * 4 feet per second. Since the above mixture 
contains slime, the required velocity will be a little less. 

It should be added that of the sand used in these experiments 77 per cent 
passes a 40-mesh screen and rests on 80 mesh. 

To show that Blue’s formula does hold in practice, the following example 
may suffice. At the Standard Mine, Bodie, California, a launder 4 inches 
aide and 9 inches deep, set on a grade of 'fw inch to the foot, carries pulp con¬ 
taining 17 to 19 per cent solids, and flows fr^y. A grade of ^ inch was found 
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insufficient in cold weather. As it is evident from the character of the i^l 
that the product carries slime, we shall apply the formula 5 - 0.0910;^/ 
considering that the pulp carries 18 per cent ^lids we have S - 0.0910 VOaS, 
which gives S * 3.82 per cent, or about A to the foot. This agrees 
nerfectiy with what is being done in practice. . . i l-.u 

^ If one has given the slope of the launder and the amount of mat^al which 
is to be transported, the method of compuUtion suggested by Overstrom 
furnishes the rec^uired width and water quantities. If, on the other nana, 
the proper slope for a launder, carrying a known mixture of sand and water, 
is required, Blue's formula gives results which arc safe to use in practice. 

A form of launder made by the Dorr Company consists of a honaontal pipe, 
revolving slowly on its axis. A spiral feed such as is used for ball mills can be 
placed at any point in this pipe. The discharge may be all from the end of the 
pipe, or it may be distributed by cutting small openings in the pipe at points 
where it is desired to deliver portions of the pulp. 

UN WATER Elia 


UnWATERING DEVICES are used to diminish the water carried by sand, 
or the sand carried by water, The sand, if of value, is thereby put in better 
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condition for the next step in the process; if it is waste, it is in condition to 
be dumped or load^ while the water may be in a condition to be used again. 
These devices may Iw classified as boxes, screens, and mechanical unwaterers. 
Pulp thickening and clarifying devices described in Chapter X are unwater* 
ing devices, but two other dewaterers will be described here. The mechanical 
classifiers, such as the drag*belt, Dorr, or Akins types, are used extensively 
for dewatering sands and the Dorr thickener for slime. 

Fi/EuiNO Dewatering Wheel. —A pulley wheel 18 inches in diameter 
and with a 6-inch face, is drilled to receive 12 vanes, or paddles, which are 
bolted to it and sta^ercd, as shown in Figs. 203a and 203h, making the diam¬ 
eter of the final wheel 42 inches. The vanes are bent on a 12-inch radius with 
their tip ends on a line drawn at an angle of 45 degrees with the radius drawn 
through the point of attachment of the vane to the wheel. The result is a 
number of shovel-shaped paddles which are made to lift concentrate or jig 
tailing, to be dewatered, out of a tank and deliver them unwatered at a slight 
elevation above the level of the water in the tank. The wheel is revolved at 
the rate of 9 to 12 revolutions per minute in the direction indicated, that is, so 
that the dewatered material is lifted by the convex side of the paddle. The 
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tank is 50 inches long by 36 inches wide, inside measurements, and 30 inches 
deep. The shaft carrying the wheel is mounted on the top of the box, 22 inches 
from one end. The inlet launder is at one end of the tank, and, as the wheel 
revolves, it lifts whatever has settled on the bottom of the tank and discharges 
its products into an outlet trough which slopes at an angle of 45 degrees. 
The wheel is housed on its discharge side to prevent spilling of material. 

HooEna Dewatering Screen. —The dewatering screen U used to treat 
material above 2 millimeters in size. The ore and the water are fed together on 
an inclined H-mesh screen which quickly makes a bank of ore of a slope cor¬ 
responding to its angle of repose. The screen instead of presenting a smooth 
suriace has a warped surface, the troughs, or depressions, running across the 
screen. This serves to retain a bed through which the water can percolate. 
Tlie ore rolls down the incline and is discharged, while the water goes through 
the bank of ore and the screen into a launder below, 

Filters 

A filter is a separator of solution from solid particles suspended in that 
solution. Mechanical filters are used in dewatering flotation concentrate, 
recovering the gold and silver solutions in the cyanide process, and in many 
chemical and industrial processes. All the numerous existing designs of filters 
may be conveniently grou|>ed under the following four heads; 

1. Gravity filters. 

2. Press ^ters or squeeze filters. 

3. Positive pressure filters. 

4. Vacuum filters. 

Gravity filters generally consist of various forms of large shallow tanks 
with filtering media covering a false floor. To be effective, the filtering media 
must be comparatively thick and the amount of solution lai^e compared with 
the amount of **cake,'' or removable solid. Leaching tanks, as used in 
cyanide plants or draining bins for concentrate with a cloth-filter bottom, are 
in a sense gravity filters. 

Press filters consist of some strong vessel, made with a strainer, of 
porous filter sides. The material to be filtered is charged into the receptacle 
and a close-fitting plunger forces the solution out, squeering the residual 
matter into a solid cake. It is slow and intermittent, and its greatest field 
of use is in the treatment of viscous materials like crushed cottonseed and 
grape pulp. 

Positive pressure filters are of numerous types, but the most important 
may be classed under two heads: (1) plate and frame presses, in which a caat^ 
iron plate and frame with a cloth between them form a unit cell, and a number 
of these bolted together in series form the filter; (2) basket and bousing presses, 
in which a number of filter leaves attached to a frame with pipe connections 
forming the basket are enclosed as a unit into a single housing which is made 
strong enough to resist the required pressure. 

The principle of all types of pressure filters is the same: A filtering medium 
is stretched over a frame provided with channels for the collection and dis¬ 
charge of solutions, and the material to be filtered is forced under pressure 
into tlie space between the filtering medium and the outer housing. Most 
of them have to be taken apart and cleaned by hand at the end of the filterag 
cycle. In pressure filters in which a basket of leaves is enclosed as a unit in a 
housing, the manual labor is reduced. In neither tyi» can the work of cake 
building be obsen*ed, and the washing of the cake is uncertM. Another 
serious difficulty is caused by incomplete discharge of the cake, so that much 
band scraping must be done. The disadvantages of pressure filters are due 
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to the intermitt^t nature of the process and the great amount of labor and 
coiitant attention required. The advantages are the high 
able low-moUture content of the cake, increase in the rate of filtration, the 
long period that may be devoted to wash. These filters are much used in 

nLTERS consist of two main types: intermittent and continuous. 

The intermittent type generally consists of a series of ‘ ‘ frames, or leaves, 
over which the filtering medium is stretched, the leaves being provided with 
channels for the collection of solution. A number of leaves are connected to 
a common header which in turn is connected to a vacuum pump. By ccm- 
letely submerging the leaves in a tank filled with the pulp to be filtered and 
ly applying the vacuum, a cake is formed. As soon as the efficient maximum 


I 
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thickness of cake has been reached, one of the two follow'ing methods has to 
be used for the next phase of washing and dischar^ng of the cake: (1) The tank 
has to be emptied oi excess pulp, while the cake is held by vacuum, and then 
filled with wash water. (2) The basket of filter frames has to be bodily 
hoisted out of the tank by a powerful crane, and, while vacuum is maintained 
by flexible pipes, the basket is trans|>orted and lowered into another tank of 
wash water. These intermittent filters find practically no application in ore 
dressing but have been used in the cyanide process. 

Continuous filters of the vacuum type are now practically universally 
used for filtering operations in concentrating plants. They consist of drums 
or hollow disks covered with a filtering medium. The drums or disks ^e^'olvc 
slowly through a continuous cycle. The lower part of the re^'ohdng filter 
medium is submerged in the pulp and at the same time is subjected to a 
vacuum from an outside source. As it revolves, it draws solution throvigh 
and picks up a cake of solids from the pulp. When it emerges into the air, 
the suction being continued, the cake is further dried by the air suction; then 
on rotating farther, it is loosened by compressed air or steam, and finally 
the cake is scraped off, thus completing the cycle. If the cake requires 
washing, the wash liquor is added when the cake emerges into the air, after 
which the air suction alone continues as before for further drying. Typical 
machines are the Oliver drum type, the American disk and the Dorreo 
drum type, which will be described in the following. The Center filter 
thickener, also described, b of somewhat different design, and has been used 
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to some extent instead of the Dorr-type thickeners ordinarily used for de¬ 
watering flotation concentrate. 

Oliver Filter. —The Oliver continuous filter consists of a drum, or 
cylinder, rotating on a bonaontal axis with the lower portion submerged in a 
tank containing the material to be filtered. Such a filter with its acccsBorics 
is showTk in Fig. 204, The surface of the drum is divided into compartments, 
or sections, the dividing partitions radiating from the main shaft. Those 
sections are covered with screen for supporting the cloth filter medium, which 
is held in place and protected from wear by a wire winchng encircling the drum. 
These wires are spaced about ) inch apart. 

Each of these sections of the drum is connected by means of pipes pa.<sing 
through a hollow trunnion to an automatic valve, which controls not only the 
application of the vacuum for forming and wa.shing the cake, but also the 
admission of air for discharging the cake. Thus, each compartment forms 
virtually an independent unit, although the filtering medium is attached as a 
continuous sheeting over the whole surface of the drum. A scraper is fitted 
across the face of the drum and rests against the win winding in such a manner 
that the cake, or residue, is entirely removed after being released by air or by 
steam pressure, The wire binding prevents cutting of the filter medium by 
the scraper. An agitator, suitable for the pulp Mng filtered, is placed in 
the tank beneath the drum for the purpose of keeping in suspension the heavier 
particles in the pulp and to Insure a uniform cake. Provision is made for 
applying such washes to the cake as may be neccasary for cyanide or industrial 
work. Steel is the material most commonly used in the construction of the tank 
although acidproof machines can bo constructed to meet special conditions. 

The speed at which the drum is rotated depends upon the filtering charac¬ 
teristics of the material treated. It may be as fast as 1 revolution in 1 minute 
or as s\o\y as 1 revolution in 10 minutes. Owing to the slow speed, the power 
required to drive the drum and the agitator, even of the largest sises, does 
not exceed 3 horsepower and is 1 horsepower or less on sises under 12 by 12 
feet. It is made in many sizes from a drum 3 feet in diameter and 6 inches 
long up to one 12 feet in diameter by 12 feet long. 

The material to be filtered is fed into the open filter tank in a steady stream. 
A homogeneous mixture is maintained by £^tation, either mechanically or by 
the use of compres.scd air or steam. As the drum rotates, each compartment 
under ^'acuum is immersed and a cake begins to build and continues building 
to the point of emergence from the pulp. The liquid passes through the 
filter medium and the vacuum pipes to the automatic valve, while the solid 
jjarCicle.s adhere to the dnim surface in a thin uniform cake. The cake that 
is formed on the Oliver filter will vary, according to material, from inch 
to over 1J inches, averaging about 4 inch. 

Immediately after the solution disappears from beneath the surface of the 
cake, the w'ash may be applied. This effects a thorough wash without mixing 
solutions. The automatic valve can be adjusted so that one or more washes 
may be given and the filtrates kept separate. As the drum continues to 
rotate and a given compartment passes out of the wash zone, the vacuum is 
cut off and the cake blown off by compressed air. 

When the filter is used for dewatering only, without washing of the cake, 
the spray pipes are eliminated, and a maximum vacuum is mmntained on the 
upper part of the drum. 

For maintaining a vacuum and removing the solutions from the filter 
either the wet- or the dry-vacuum system may be used. Each has its own 
merits and special application, although the dry-vacuum system is, in the 
majority of cases, the more efficient and satisfactory. In the web-vacuum 
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«v^em the vacuum pump is connected directly with the filter valve without 
ar^ntervening vacuum receiver, so that the filtrate pa^ through the pump. 
Honseauently^ the pump must be of relatively low speed and have considerable 
to enable it to handle the liquid. This clearance nccessanly 
reduces the efficiency of the pump. In addition, any gnt the solution m&y 
accidentally contain^^ill rapidly cut the interior parts and still futher impair 
its efficiency. The dry«vacuum system, almost universally u»d, 

^referable from the standpoint of efficiency but is far more flexible and <lurablo 
fn^ddition to being lower in first cost, except in very small units. This 

system consists of a reciprocating dry-vacuum pump vacuum receivers, and 

^ution pumps. The last are usually of the centrifugal type.^ A dry- 
vacuum pump differs from a wet-vacuum pump m that no clearance is allowed 
for the so^lution, as nothing but air passes through it. It closely « a 

compressor in design. The dry-vacuum pump may be Placed at a consider- 
abk disunce from the filters without any reduction m the efficiency of the 
system. If a drop of 30 feet is available below the filter, a barometne leg 
may be used, and the centrifugal solution pump dispeiised with. Table 73 
gives data on the performances ^ Oliver filters under different conditions. 

TABLE 73.—MILL D-\TA ON OLIVER FILTERS 
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The American Continuous Filter. —This filter, shown in Figs. 205a, 
2056, and 205c, is another of the vacuum type but differs markedly from the 
others in design and operation. It consists of a lai^, honiontal, center shaft 
mounted on two main bearings. This center shaft is divided into sections 
consisting of heavy cylinders cast with a number of cored filtrate channels 
parallel to the axis and uniformly spaced about it. A line of holes is drilled 
from the outside of the shaft into each of these filtrate channels for the inser¬ 
tion of the sector nipple. The individual filtering unit A Is called a “sector.’^ 
One of these uncovered is shown in Fig, 2056. It is made of cypress or of 
redwood with corrugated sides for the passage of the filtrate. The actual 
filter medium consists of cloth bags so constructed that they may be slipped 
on over the sector and fastened to the nipple by wrapping mth a cord. A 
cross section of the completed sector is shown in Fig. M5c. The sector when 
completed is joined to the center shaft by screwing the nipple into the holes 
alre^y described. Ten of these sectors comprise a complete filter disk. 
In Fig. 205a there are ^x disks in the unit although the machine may be 
designed for any number of disks. The filter tank D, for containing the 
material to be ffitered and in which the lower portions of the filter disks are 
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Riibmereed, is built of heavy sheet metal. The pan E consists of a num- 
hor of imlividual pans for receiving the filter disks and i^rmittmg free <1 
ch«« Ke ctke betw«n adjacent pans. The ater valve B .s a to 
?hfo^e employed in the Oliver filter. It consists of two flat disks, one .sliding 
iiDon the other In each are holes for the application of the vacuum and com- 
nf^d air and for withdrawal of fUtrate and wash water. The filter may bo 
driven directly by a motor C or by a belt through a tight and a loose pulley. 
Soeeds range from I revolution in 20 minutes to 1 rei'olution per minute. 

^The cycle of operations is as follows. Imagine the filter shown m the 
illustration rotating slowly counterclockiviae, lU tank filled to the overflou 
level >vith the material to be filtered, vacuum applied to the filtrate and wash- 
water outlets of the valve and compressed air applied to the val\^ inlet poits. 
Consider a sector which is just submerging in the matenal contained in thi 
tank. As its upper edge submerges below the surface, the 
the main shaft, to which its outlet nipple connects, roaches the filtrate port 
in the valve, and the full vacuum is apphed to the sector. As it rotates through 
the tank, a perfectly homogeneous and uniform cake is built up on both sur¬ 
faces as the filtrate is sucked through the cloth bag, along the corrugations 
to the sector nipple cap and thence through the center shaft and valve, upon 
emerging from the tank on the opposite side with the cake fully formed, the 
corresponding filtrate channel in the center shaft reaches the wash water or 
the drying port in the valve to which a vacuum is also applied- If it is neces¬ 
sary to wash the cake, it is here subjected to a finely di\'idcd spray of wash 
water which is also drawn off through the valve. After passing the washing 
*one, vacuum is still applied to the sector until it reaches the discharge position, 
and during this portion of the cycle the moisture is reduced as far as the nature 
of the cake permits. By the time the port in the valve housing corre.sponding 
to the sector under consideration has rotated around until it matchc.s with the 
low-pressure air compartment in the valve plug, then the filler hag is instantly 
inflated with air at a pressure from a few ounces to 1 pound per square inch. 
As the slightly bulging filter bag moves downward between tiie parallel edges 
of the cake discharger or scraper, the cake is entirely removed from the cloth 
surface and drops vertically through the s)>aces between the individual pan 
compartments on a conveyor or into a bin. Having pas4>ed the cake dis¬ 
charger, the low-pressure air i$ released from the bag and the vacuum nguiii 
applied as it submerges again below the feed level in the tank, thus completing 
the cycle. 

This type of filter has several advantages. The multiple-disk const met ion 
employed makes it possible to secure a very much greater filter area, or surface, 
and because of this fact it will handle from to 3 times the tonnage per 
unit of floor space of other types of vacuum filters. Extremely large diameters 
arc not used, and consequently the headroom necessary is very much less. 
By placing partitions in the filter tank, it b pos-sible to filter several <liffcrent 
products with the same unit. It is possible to replace worn-out filter cloths 
without interrupting the operation of the filter for more than a few moments. 
One sector may be replaced if worn or tom without replacing the whole 
filter disk. Mechanical agitation in the boot of the filter is avoided. 

Dorrco Filter. —The Dorreo filter is a filter of the rotary-drum tyj>e, but, 
in contrast to the Oliver filter, the filtering medium is on the inside of the drum 
and the drum itself is used as a pulp container. Cake is dischaiged by a chute 
or conveyor through one end of the dnini, this end being only partially closed 
by a circular flange which retains the pulp in the drum. An advantage claimed 
for this filter is that the particles of solid settle upon the filter medium by grav¬ 
ity, the coarse ahead of the fine, forming a more pervious cake and thus a cake 
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which can be built up to greater thickness. Small units are not so easy of 
access, and this ^ter is better suited to large tonnages. 

C.KPACiTY OP Vacuum Filters. —The filter capacity and the percentage 
moisture of the cake obtained will depend largely on the nature of the material 
being filtered and the conditions of operation. It is difficult and somewhat 
misleading to try to give general figures. The data in Table 74 are given by the 
Oliver-United Vacuum Filters, Inc., which furnishes the three types described 
above. 

TABLE 74.—CAPACITIES OF CONTINUOUS VACUUM FILTERS 



Pound* Dry per 24 Heure per 

Suunre Foot of Fillerinic Surface. 


Mmimum. Averoite. Meiimum. 


Ore, ahtne'Cyanide precede. 
Fletetion coneentrMce ... 
Tebfe eenceniraiee. 
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fiiationarv frames, and extending downward into the tank. These 

mters made to operate in a cycle somewhat sumlw to the 

vacuum filters, by means of an automaUc valve mechan^m on top ^ 

connections to a vacuum Une and to a pressure line (either 

Thus a cake is collected on the tube, and is di^harwd Wk mto the in 

cake form to fall to the bottom and be remov^ by the 

msm in the bottom. Filtrate is drawn into the tubes and from them into the 
central receiver, from which it is removed by a suction pump or 
lea. The machine shown has 16 frames, each frame supporting 16 niter 
elements. Various sisca are furnished with 16 or 32 frames, and four or mo 
tubes per frame, with from 50 to 2300 square feet of total filter surface the 
corresponding capacities ranpng up to 750 dry tons of solids per ^ou . 
Sever^ of these filter thickeners are operated on a lai^e scale in Canadian 
plants and are giving satisfactory results. 

T^eTBBa 


Classification.— Four distinct types of driers are in use in the millsj 
(1) drying floors, (2) cylindrical driers, (3) tower driera, and (4) centrifugal 
^ * 

Drying Floors.— The simplest form of drier consists of a series of iron 
plates placed over a flue so that they can be heated from below by the hot 
gases passing through the flue. This form of drier may be so arranged a-s 
to utilise the waste nest from other operations. If the plates are honsontal, 
hand labor is required for spreading and moving the ore. If the plates are 
inclined, the dry ore may be made to slide off into a conveyor at the side. 
This form of drier is the least efficient of all the various forms of dners. Under 
most favorable conditions and even with moderate stirring, it has not been 
found possible to dry more than 0.3 cubic foot of ore per hour per square foot 
of area; whereas with a well-designed mechanical drier 0.4 cubic foot is 
obtainable. 

Lowden Drier. —This may be considered as a form of drying flow with 
continuous feed and discharge, thus making it cheap and fairly officient. 
It is designed to treat fine 8ti<^y material, such as flotation concentrate, iMth- 
out excessive loss in dust. The drier conrists of a single hearth made of cast- 
iron plates, beneath which is a flue through which the gases of combustion pass. 
The feed is moved forward by means of rakes much like those of the Dorr 
classifier. These are right- and left-hand rakes in order to impart a ploughing 
action and distribute the material over the hearth. After the forward stroke 
the rakes lift clear from the material and return for another stroke. The length 
of stroke is less than the distance between rakes, so that the rakes in descending 
cut up the material left by the preceding rake. The rakes move close to the 
hearth and prevent any caking. The hearth is made of various widths 4, 
6, 9, and 12 feet and of lengths of from 24 to 60 feet or even more. At the 
Federal Lead mill the drier burns 117 pounds of coal per ton of dry solid and 
reduces moisture content from 15 to 5 per cent; at the St. Joseph Lead mill it 
takes 125 pounds of coal, and the moisture reduction is from 16 to 5 per cent; 
at the Vindicator Consolidated niill the corresponding figures are 128 pounds 
of coal and 29 to 13 per cent. 

Dwight Lloto OLrvBR Drier. —This may be considered as a form of dry¬ 
ing floor in which the floor itself moves to give a continuous operation. It is 
an adaptation of the familiar Dwight Llo^ sintering machine in which the 
perforated cast-iron pallets of the moving grate are replaced by welded-steel 
frames or pallets covered with woven wire screen. A large volume of heated 
mr is sucked down through the bed of wet material on the pallets. Much of 
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the moisture is entramed by the air current and removed in liquid form» and the 
balance is evaporated and carried off by the warm air. This drier is not 
suited to materials which form an impervious bed. 

CvwNDBiCAL Driers. —There are two gcneial t)rpes of cylindrical driers; 
(1) the indirect-heat type and (2) the direel-heat type. In the indirect-heat 
drier the hot gases from the drier furnace do not come Into contact at any time 
with the material being dried. These are used when there is a likelihood of 


ToexhtK/s^i^ 



injuring \\w material being dried by contact with the combustion products of 
the furnace. However, this is not usually a factor in drying concentrates and 
metallurgical products, and accordiingly the direct-heat driers are common. 
In the^e the gases are allow'ed to paas over the material and come into direct 
contact with it. 

The class XB Ru^gUs Coles drier is an example of the indircct-hcat type of 
drier. The principle of operation is illustrated in Pig. 207. The drier consists 
of a cylindrical outer shell B, gently sloping from feed to discharge end and 
re^'oK’ing slowly on rollers. Furnace gases enter the inner shell A at the feed 



end and pass through to the discharge end w'here they are deflected by a 
flanged licad D and returned to the fe^ end of the drier through the ducts C. 
Ga^e.s are drawn out of the ducts at the feed end by means of an exhaust fan. 
The material to be dried is fed into the space E between the inner and outer 
shells and moves slowly from feed to discharge end as the drier revolves, 
coming into contact w'ith both the heated inner shell and the heated ducts on 
the outside shell. Dried product is delivered at the discharge end F through 
openings in the outer shell between the ducts. 

Indircct-heat driers of this type are furnished in various si*e« with outer 
shells from 48 inches in diameter and 20 feet long to 90 inches in diameter 
and 50 feet long. They are capable of evaporating about 5 pounds of water per 
pound of coal at a thermal efficiency of the order of 50 per cent. 

The Class XA Ruggles Coles Dner .—This drier, shown in the drawing in 
Fig. 208, is in reality a combination direct-heat and indirect-heat drier. The 
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contact Mth the coolest gases. This counterflow principle is 
drying efliciency. Driers of this type are made in siz^ with 
36 inches in diameter and 16 feet long to 104 inch« in 

long From 6 to 10 pounds of water are evaporated per pound of coal giving 
thermal efficiencies up to 80 per cent and even higher. 

In Chapter XIX under the subject of the drying of coal there will be found 
a description of the Christie drier which is a similar type of direct-heat cylm- 

Driers. —These consist of a tower up througn which hot ga^s 
are rising. The ore, introduced at the top, falls down over »s«"e8 of baffle 
plates and is dried as it falU. Fans are proiided to exhaust the moisture- 
laden air. The economy of this form of dner is about the same as for cylin- 

''""centrifuqal Driers.— These are described in Chapter XIX in connection 
with the dewatering of coal. They are used for drying small sixes of coal but 
have bad little or no application to ore drying up to the present time. 


Dust Collection and Removal 

Dost Control. —Whenever ore b treated dry, in sampling mills, 
pneumatic concentrators, magnetic concentrators, and in the dry-crushing 
steps of mills in general, dust is bound to form. Thb dust has two imiwrtant 
aspects: (1) its danger to the health of the operators and (2) the loss of values 
which it may contain. In modern mills where ei ery precaution is taken to 
promote the safety and health of the operator and especially to ai’ert silicosis, 
dust control is an established feature. It is significant that in the majority of 
the large copper milb of the United States and also in some foreign mills 
the George E. Lynch system of dust control has been installed, and in these 
mills the atmosphere b rendered practically dust less. 

Dust control involves the installation of housings over all dusty apparatus 
to confine the dust, ducts to carry it off, suction fans to create a suction to mo\'o 
the dust-laden air, and collecting devices to recover the dust. These last may 
be merely settling chambers, often equipped with baffles, or centrifugal dust 
collectors, commonly called “cyclones,” or “dry-filtering devices” usually 
employing filter bags, or wet precipitators using a water spray or rain to waj^h 
jUe dust out of the air stream. Cyclones or filter bags or both are the devices 
most favored. 

The centrifugal dust collector commonly used in woodworking mills and 
flour mills may be sufficient in some cases. Where the dust carries much 
value or where it 'Z esi>ecially necessary to prevent it from blowing into the 
air, a bag room b a sample and efficient means of catching it. This consists 
of a room in which a number of burlap or cotton cloth bags or tubes are 
suspended vertically. Tt*ere are two methods of operation. In one, the air 
and dust come through the targe horisontal distributing pipes in the top of 
the room, and pass down through nipples into the bags, the lower ends of which 
lie on the floor. The air can pass through the meshes of the bags while the 
dust cannot. The latter falls or b shaken down at intervals and is periodjcally 
emptied into wheelbarrows. In the other method the air and the dust are 
carried into a chamber with hoppers in the bottom and pass up into the bags 
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through nipples in tbe top of tbe chamber. Tbe duet is shaken down into 
the hoppers, from which it is drawn off through gates. Siurtevant claims 
that, for ore, burlap is a better material than cotton; (1) because the holes 
are not so easily clogged by the dust; and <2) because, when the blast is stopped» 
the collapse of the bags causes a large part of the adhering dust to fall down, 
while with cotton the bags must be shaken to remove tbe dust. 

Removal ot Wood aj^d Chips 

In crushing plants, especially when treating old filling from slopes, waste 
wood gives considerable trouble. It is often picked out by the operator 
attending the feeding of the crusher. One mill has successfully solved this 
problem by bringing the ore and wood together into a tankful of water; the 
wood floats off and is removed while the ore sinks and is removed by an inclined 
bucket conveyor. The bottoms of the buckets are perforated to drain away 
part of the water from the ore. Chip screens are frequently found in the 
mills to take out chips as oversise from crushed pulp. 

Weiorino the Obe 

Platform scales may be provided upon which the cars or the trucks bringing 
the ore or removing concentrate are run to be weighed. Automatic weighing 
devices are also available. These are of two general types: the hopper type, 
which is intermittent, and the continuous-belt conveyor type which is repre¬ 
sented by the Blake-Denison weigher and the Merrick weightometer. The 
weighing*belt conveyor baa |>ractically superseded all other forms of cre¬ 
wel gUag devices ana is found in all m<Mem mills of any size. 

The principle upon which the Blake-Denison continuous weigher is con¬ 
structed is that of suspending a short section of the conveyor and weighing 
the material as it passes over this suspension. The weighing mechanism b 
BO designed as to record tbe wdght of tbe material on the suspenrion every 
time the conveyor travels 6 feet. It has many advantages over the former 
hopper-style w*eighing machine. Material of any rise or consistency can be 
handled at any speed, and the machine b said to be accurate to within i per 
cent. The main difference in the Merrick weightometer from the foregoing 
is that it uses a continuous integrator instead of successive weighings of Moot 
sections. 



CHAPTER XVI 

MILL PRINCIPLES AND PROCESSES 
A r«sum6 of some of the various principles 
^::ren“cro“f&em“ TL'me^^Ti S th^ ^rindple^are combined 

minerals from the waste and to furnish the 
materials in the particle-sise ranges for which t^y are 

is carried out in steps or stages, the ratio of reduction for each stage Ming 

Umited for most economical operation. Different types onerates 

for the different ranges of sise reduction, as a given machine 
most efficiently and economically under a °f conchUons For 

example, jaw crushers and gyratory crushers are used P'^®'’J"*"?7e™o^Lle 
and coarae crushing: reduction gyratory and cone crushers ? 

and secondary crushing; rolls for secondary crushing; and revolving c^>''^ 0 "cal 
mills, such J ball mills, pebble mUls, and rod mills, for the final comminution 

Circui'l*.—The positiveness of crushing action of machines 
used for crushing, in general, decreases as the particlc-sisc range becomes finer 
and finer and m the necessity for a siso-Umiling device to separate o\’ereise 
from a crusher product and return it to repass the crusher becomes more evi- 
dent. Breakers and coarse crushers usuaUy operate satisfact^ly in open 
circuit. Intermediate and secondary crushers operate more eftcienl^ and 
give more uniform producU when they are closed circuited by serwns. Onnd- 
ing mills are nearly always operated in closed circuits with mechanical classifaera. 

Comminidion Preperftes.—Whether an ore is coarsely crushed or finely 
ground, it will usually be found that ite various rock and mineral constituents 
will not all be affected in a like manner by the comminution operation. Cer¬ 
tain soft minerals may be crushed finer than harder ones or may give a rela¬ 
tively high amount of slimes. Other constituenU may tend to be clashed to a 
certain grain sise determined by the oripnal ore texture. Various ^other 

K ’ sical and structural properties of the ore may give rise to other similar 
aviors on comminution. When these differences in comminution prop¬ 
erties are sufficiently pronounced, they may be made the basis of a simple 
concentration step, or advantage may be taken of them In the subsequent 
concentration process in various ways. 

Concentration. —A great variety of processes are known and used for 
mechanical separation of mineral particles after they have been freed by 
comminution. These concentration processes are ba^ upon differences in 
mineral properties which cause a segregation of the mineral particles when they 
are subject^ to various physical and chemical treatments and treatment 
combinations. The principles summarised in the following paragraphs are 
utilised for separation of minerals. Some of these, for example, screen sizing 
and cla^fication, are not true concentration principles, except under unusual 
circumstances, but they are prindples most necessary in the proper preparation 
of a crushed ore for the actual concentration step and hence should be con¬ 
sidered with concentration principles. 
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Hand Picfcin^.—Tbe eye and hand are guided in selecting good ore from 
waste, waste from good ore, or one valuable mineral from another by the color 
luster, aggregation, fracture, and s|^cific gravity of the minerals ' 

Stzing by screens puts together in groups particles which are of about the 
same size, or separates coarse material from fine material, irrespective of 
specific gravity. Coarse screening is done on stationary bar screens or grizzlies 
intermediate and fine screening are done with various type* of moving screens 
vibrating screens being the most common today. ‘ 

Classifi^ion puU particles in groups which are of approximately equal 
settling velocities, or separates sands from sliracs by taking advantage of the 
difference between their settling velocities. Classification is usually carried 
out in water, although air or other fluids may be used in essentially the same 
way, and follows the law's of free settling or of hindered settling, depending 
upon the conditions under which it takes place. In a classified product 
particles of light minerals are on the average larger than those of heavy min- 

average sizes of two equal-settling mineral particles 
of different specific gravities is greater with hindered-settling classification 
than with free-settling cla.ssification. Mechanical classifiers make a separation 
of coarse sands from fine sands or slime by subjecting the ore pulp to a mild 
agitation or stirring in a tank, arranged so that the fines overflow' the tank 
continuously with water, W'hile the coarser material settles to the bottom of 
the tank and is removed continuously. 

The law's of settling are utilized in jigs and other concentration machines, 
in which capacity they are principles complementary in effect to other prin¬ 
ciples, such as stratification. 

Stratificalion results from the agitation of particles in beds and is made use 
of in several types of machines. The stratification which takes place in the 
bed on a ^^brating screen brin^ the smaller sizes to the bottom of the bed near 
the screen, thus aiding screening. The type of stratification obtained in jig 
beds depends upon various factors, such as the nature of the pulsion and 
suction strokes, the nature of the material fed, etc., but these factors are 
adjusted to give an arrangement of particles with the heavier mineral on the 
bottom of the bed and the lighter on top. Other important applications of 
stratification nr^ in the separations on the riffled part of shaking-table decks, 
in stationary riffles, and on vanners. 

Film sizing is a concentrating action occurring when fine ore is passed with 
water o\’er a slightly inclined surface in a layer one particle deep and subjected 
to simultaneous washing and mechanical forces. Large particles tend to be 
washed down a stationary surface faster than smaller particles of the same 
specific gravity; and of two particles of the same size, the particle of lower 
specific gravity will be wa.sbed down faster than the hea\'ier particle. This 
principle is e^^dent in the action on the unrifflod part of a Wilfley table deck, on 
canvas tables, and on the old round slime tables. 

Flotation makes a separation of minerals on the basis of surface properties. 
By proper choice of chemical reagents surface properties of minerals may be 
varied to obtain a great variety of separations, dotation machines produce 
and levitate a froth, w'hich, if the pulp has been given the proper cbeiuical 
treatment, will carry the desired valuable mineral or minerals as a concentrate 
and leave the waste minerals behind in the pulp. Chemical and physical- 
chemical considerations are of great importance in fiotation, in contrast to 
mo.st other ore-dressing processes. 

The principles underlying flotation are also the bases for separations by 
other techniques. For example, selective agglomeration of minerab depends 
virtually on the same surface properties as flotation. The greased plate for 
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recovery of diamonds from diamond-bearing aanda operate on the principle 
of sekaive action of oil or grease on diamond surfaces, which is m reality 

When pulp containing free gold in proper condition k 
treated with mercury or allowed to pass over an amalgamated plate, the gold 
narticles are amalgamated and remain with the mercuiy, cemented to the plate. 

Moijnelic Separofton.—When mixed magnetic and nonmagnetic sands are 
broueht within the sphere of attraction of a magnet, the former are attracted 
while the latter are not. When mixed particles of different magnetic suscepti¬ 
bilities are subjected to an electromagnet, the exciting current may be so 
adjusted that the magnet will take out only those that are more magnetic, 
allowing the less magnetic to move on. Magnetic properties other than sus¬ 
ceptibility form the bases of separation methods now in the development 

AlUration of Properties Heating or roasting will change the 

physical properties of some minerals and may be carried to the f»int where a 
partial or complete chemical change takes place also. The resulting mineral 
properties may then afford the basis for a separation not possible in the raw 
ore. For example, pyrite may be roasted partially over U) a magnetic sul¬ 
phide or oxide, and then it is amenable to magnetic separation. Roasting for 
porosity and decrepitation by heat, respectively, are other examples of heat 
treatment which may be useful in the preparation of a material for a simple 
separation process. > , , . . 

CowBtNATiONS Of PRINCIPLES OP SEPARATION.—A fcw of the above pnnci- 
ples of concentration, notably flotation, if used alone and unassociated with 
others give a commercially complete separation of the values from the gangue 
in many ores; but it may be stated that a majority of the principles listed would 
give little or no concentration unless two or more are used in combination, 
The combination of principles in some of the most important types of mills 
is discussed briefly in the following sections. 

All-fiotaiion .—This class includes now a greater group of mills than any of 
the others- Flotation is effective in the 6ne particle-size range where other 
methods fall down and also may be used for separations of minerals which arc 
not possible with other processes, even in coarse sizes. In all-flotation plants 
all the ore is crushed and ground to flotation size and then treated by flotation 
to give final concentrate and final tailing products. The principles of com¬ 
minution are of relatively great importance, as comminution costs account for 
a large percentage of total milling costs and flotation results are affected greatly 
by the grinding results. Screen sizing and classification are of asocial impor¬ 
tance in the comminution operations, Differential grinding in ball-mill- 
classifier closed circuits may be a primary determinative factor in flotation 
results. Another illustration of a close relation between grinding and flotation 
is the use of a unit flotation cell in the grinding circuit. 

Gravity Concentration. —Gravity-concentration flow sheets were formerly 
used in almost all of the important ore-dressing plants, but the development 
of flotation in the last two decades has reduced the use of gravity methods. 
Coal washing and the preparation of nonmetallic minerab still continue to be 
based largely on gravity-concentration principles, and it is mainly in the 
dressing of metallic sulphide ores that flotation has replaced g^a^'ity concentra¬ 
tion to a large extent as the predominating method of concentration. Jigging 
and tabling are the chief gravity processes found today in the coarse and fine 
sands fiddi, respectively. There are two systems of jigging, each finding 
application in certain fields. In one system the jig feed is screen sized, and 
each jig is fed with a limited range of particle sizes. Jigs operated with 
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sised feed make separations similar to those which could be obtuned by 
hindered-setiling clasfsjfication. In the contrasting system, screen siring 
is not used for jig feeds, and the jig system is fed with an unsized natural 
feed, usually, however, with the fines removed. Jigs for this system make 
use of bed stratification produced by jig suction, in Edition to the hindered- 
se tiling relations which are alone sufficient for a separation with sized feed, 
to obtain the desired separation. Tables also may be operated either with 
natural feed or with cla-ssified feed, the latter practice becoming more important 
as the specific-granty difference between concentrate and gangue minerals 
becomes smaller and, in general, as the separation becomes more difficult. 

Magwiic concentration is successfully applied to a limited group of suitable 
ores. Sized feed is usually provided for separations of minerals with relatively 
small differences in magnetic properties. Magnetic separation may be used 
to ad^'antage in conjunction with flotation, gravity concentration, etc., on 
some ore types and is well established as a supplementary process in several 
modern mills. 

Gold Milling .—This field has ei^nded greatly in the last few years, and 
accordingly merits a special classification. The ore dressing of gold ores 
is so closelv tied up with gold metallurgy that both must be considered together. 
The complexity of the treatment method required depends on the nature of the 
ore. Problems of especial interest are recovery of coarse free gold, especially 
from grinding circuits; recovery of rusty or coated gold; recovery of gold 
finely disseminated in specific minerals, gold*bcaring pyrite being a common 
example of such an occurrence; the economics involved in a choice of making 
bullion or concentrate; and other factors, many of w'hich have been taken 
\)p in the previous chapters. At this point it should perhaps be repeated 
that the present tendency is to use two or more recovery methods in combina¬ 
tion, such as the various possibilities in flotation and cyaniding combinations, 
flotation and amalgamation, blankets with amalgamation of concentrates, 
etc., with an increased emphasis on the various methods of recovery of gold 
locked in grinding circuits, and on the final recovery of bullion instead of a 
concentrate requiring metallurgical treatment. 

Mill Data and Flow Sheets 

In the remaining parts of this chapter a representative group of actual 
ore-dressing plants are taken up in more or less detail. As the student studies 
the mill flow sheet.*^ and descriptions which follow, the various possible treat¬ 
ment schemes, the reasons for their application in particular cases, and general 
principles common to all should become apparent. The importance of acquir¬ 
ing such an understanding cannot be overemphasized, as a complete knowledge 
of the operating details of the various processes pre\’iously described in this 
text is of little value without a corresponding knowledge of the relation of each 
indindual process to other processes and of the proper field of application 
for each process. 

The examples of operating mills w'hicb are given have been carefully chosen 
to cover as wide a field of practice as possible, as w*ell as to illustrate important 
principles underlying actual mill operations. It should be remembered 
that ore characteristics, economic requirements, flow sheet, etc., are more or 
less in a state of flux in any ^ven plant, and therefore the factual information 
given should be considered chiefly for its illustrative value. 

The form of description has b^n standardized for convenience, although in 
general the nature and completeness of data ^ven will vary a great deal 
from example to example, in keeping with the idea of covering a general 
cross section of practice in a minimum of space. 
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The section ^mediately foUowing illustra^ wtual 
locations of machines in mills, and the effect of the mill site on *hem- 
ing the section on mill site and arrangement, the remainder of the chap 
deals more directly with the actual milling proceases themselves. 

MILL 8ITB AND ABRANOBMENT 

One of the first considerations in the erection of an ore-dressing plant is 

In'ord^r^o av^ handling the ore and thus reduce the cost of milling and 
the production of fines by abrasion, the mill designer often takes advantage 
of the force of gravity and places the successive machines at successively 
lower levels, so that the material flows by gravity from one machine to the 
next one in order. To secure the necessary difference m elevation betwwn 
the breaker and the final concentrating apparatus for this arrangement, with¬ 
out carrying the back of the mill too high, it often becomes desirable to place 
the mill on sloping ground. The slope should be chosen to corre.spond as 
nearly as possible with the calculated Inclination of an imaginaiy line drawn 
from the gates of the ore bins to the tailing discharge of the mill, in order to 
avoid unnecessary excavation and building. When ground has to be cut 
away, strong retaining walls should be constructed back of the excavation 
and between the benches to prevent cavdng. Such walls are usually provided 
with drains to keep water, and eventually frost, away from the buildings 
and their foundations. , 

In the absence of a suitable hillside, of courM, an elevator or inclined con¬ 
veyor may be used to elevate the ore to the bins in the top of the mill, but 
these add what might be an uncalled-for expense. 

The designer cannot, of course, always find an ideal slope for his mill and 
therefore miTu will be found on all kinds of sites. For further discussion of 
location and arrangement of mills, the reader is referred to tiie next chapter. 

The discussion of mill processes may be divided into two headings: the 
arrangement of the flow sheet and the actual arrangement of the machines 
in the mill. 

The flow sheet shows the successive steps of treatment with the paths of 
the ore and water from the point where the mine ore enters the mill to the 
points where it emerges as finished products. It does not include the exact 
placing of the various machines in the mill. The preparation of a mill flow 
sheet involves careful and exhaustive tests on the ore in a testing plant, and, 
in some cases of laige mills, the final flow sheet has been definitely .settled only 
after small test mills or pilot mills have been erected for the purpose of trying 
out various tentative flow sheets. The changing of a mill flow* sheet is an 
expensive operation; hence the necessity of taldng every precaution to make 
sure that the right flow sheet is chosen at the start. On the other hand, a mill 
flow sheet is rarely permanent. In fact, a millman is not progressive w*ho is 
content with his flow sheet. New processes and new machines are constantly 
appearing, and the operator must take advantage of them if he wants to 
increase his mill efficiency and show more profit or treat ore of lower grade. 
Over a period of 25 years or even less mills undergo numerous changes and 
many of them become so modified as to be unrecognisable. The introduction 
of the Wilfley table had a revolutionary effect on flow sheets; flotation likewise 
did its share; ball mills and rod mills are causing revisions. A standard flow 
sheet for different mills cannot exist because each mill will usually have some 
variation in flow sheet. Even on two ores exactly alike one millman may work 
out a flow sheet that will differ considerably from that evolved by another 
millman, and yet both flow sheets may be equally good. Two ores with 
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identical chemical compotition may require radically different flow sheets 
because of variations in mineral aggregate, fineness of dissemination, and other 
factors. 

The arrangement of the machines in a mill requires the services of an 
expert designer if one derires to have a compact mill in which each machine or 
part is exactly suited and proportioned to the kind of work and the tonnage 
coming to it; and yet in a mill in which each machine is readily accestible, the 
machines follow in logical sequence, the ore passes through in the most natural 
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and in the shortest path, the mill is easily kept clean and dry, breakdowns and 
stoppages are kept at a minimum and are quickly remedied when they occur, 
and the motors, launders, shafting, and belts are placed S3rstematically and 
out of the way rather than in a bewildering mass of which many parts would be 
unnecessary if a proper design had been made. 

Hillside-typc Mill. Alaska Joweatt Gold Miking CotfPAKT.—This 
mill is located on the steep shore of the Gastineau Channel, near Juneau, 
Alaska. The ore is mined about 2 miles from the mill and trammed through 
the mine haulage level to the tipples at the bead of the mill, which empty 
the cars into the mill coarse-ore bio. The mill, shown in section in Fig. 209 
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<>r,A in DlAn itt Fie. 210, represents about the extreme in type of a sloping mill 
?te AcS FU. 210 not show the very latest chanp m armagement 
o/machines, but these changes have not affected the general plao- 
of the ^ part of the miU is 204 feet, although, as shown in the plan, the 
receiving-bin Md coarse-crushing sections arc somewhat i^rrower, 87i 
m feet^wide, respectively. The horizontal length is 269 feet 3 inches, the 
vertical height from tipple floor to bottom floor is 263 feet. , 

The condensed flow sheet is ^vcn in Fig. 211. All auxiliary e<}uipment, 
bins, conveyors, feeders, etc., are omitted m the figure for simphcity s sake 


Flo. 210.~S«etjoiMl pl»A of AJMkft Ju&oftu mill. 


but are covered in the following flow sheet data. A comparison of the sec¬ 
tional views and the flow sheet shows the extent to which the ore flows by 
gravity. The top section of the mill contains the tipples over the coorse-ore 
bin. The second level contains the coarse-crushing and sorting division, from 
which the ore is conveyed to the bins on the next lower level. Below* these 
bins is the ball-mill floor, which is followed in order by the tube-mill floor, con¬ 
centrating-table floor, fl^hing-table floor, and, at the bottom, the retreat merit 
floor. 

The ore body consists of slate and of metagabbro dikes with gold-bearing 
quartz distributed through it. The gold is mostly native and is associated 
with small quantities of galena and sphalerite. Pyrrhotite and P 3 aite are also 
present, The ore is free milling; hence fine grinding is not required for liber¬ 
ation of the gold, and tabling effects a satisfactory concentration. In the 
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To Smelter Fnal Tailings 

Flo. 211.—Flow abMt, AJa^kA Juneau Gold Mining Company. 
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e„li„ d„.l.pm«* of lb. «ai, whol,«le toe 

r„rs„«r.bSKo3 fS 

.^Vto^ o'r.bfiTys~,j z, ih. — «„x»"s 

being ”e!'by'48-inch Buchanan jaw crushers, set at 8 inches. From 

"th^.inch openings. From 1; deliver oversize 

^ ^ f Vh”™^e Sl:^ts“ra.^''drtrcv^^ F-^m 2; .uartz 

and quartzes picked oft and dropped into 4; waste remains on 

belt and passes by conveyor to waste. deliver 

4, Three Gates 9K gyratory crushers, set at 2 inches. From 6, deliver 

^^'’fSTf^^^gri*»li« with IHnch openings, 

delivered by belt conveyor and tripper conv^or “.forte'l^f [^>"8 6- 
undersize delivered by shuttle conveyor to ball-null feedbm and thence by 

apron Symons cone crushers, set at 1 inch. From 6, 13, and 14; 

product passes into recelvine bin, and thence by belt conveyor to coarse-rolls 
feedbin, from which it U delivered by belt feeder to 7. . 

7. One set dO- by 24-kjich primary rolls. From 6 and 8; delivers by senes 

of inclined belt conveyors to8. T!*fv^r« 

8 Two double-deck Hummer screens, J- and 0.08-jnch openings. From 
7; oversize of } inch falls on belt conveyor in 6 and thence ^?J 
0 06 inch delivered by belt conveyor to fine-rolLs feedbm, and thence by belt 
feeder to 9; undersize of 0.06 inch is laundered to 19. . .r, a v 

9, One set 60- by 24-inch secondary rolls. From 8 and 10, delivers by 

inclined conveyor to 10. n. 

10. Four 4- by 5-foot Hummer screens, 0.06-inch openings. I'Tom 9, 
oversize elevated by inclined conveyor to 9; undersize delivered to 19. 

11 Three 3- by 6-foot Niagara vibrating screens, 3-mch square mesh 
openings. From 2; deliver oversize by belt conveyor to 12 and undersiM 
by shuttle conveyor to ball-mill feedbin and thence by apron fwders to 15. 

12. One stationary washing screen. From 11; delivers by inclined con¬ 
veyor to 13. tv- 

13. One 3- by 6-foot Niagara vibrating screen, 3-inch openings, 

12; delivers oversize to 14; undersize falls into sorted-ore bin in 5 and thence 
to 6. 

14. Two 42-inch sorting belts, over sorted-ore bin in 5. Prom 13; quart^ 
bearing rock is picked and dropped into sorted-ore bin in 5 and thence to 6; 
barren rock remains on belt and passes by conve3mr to waste. 

Grindi'ng.—lh. Thirteen 8- by 6-foot ball mills, each with one of 16 attached 
at discharge end. From 5, 11, and 16; deliver to 16. 
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16. Thirteen trunnion trommel screens, 0.09-inch openings. From 15; 

undersise delivered to 19; oversise dropped into tube-mill bin feeding 17 
or part may be returned by elevator to 15. ’ 

17. Four 6- by 12-foot tube mills, operated as ball mills, each with one 
trunnion trommel screen 18, From 16 and 18; deliver to 18. 

18. Four trunnion trommel screens, O.O^inch openings, From 17; deliver 
undersize to 19, oversize elevated to 17. 

Concenlration .—The comminuted ore, all through 0.06 inch, is combined 
for concentration. 

19. The combined ore U distributed to 11 sections, each containing a 
one-spigot hydraulic classifier, V tanks, and eight Deister concentrating tables- 
From 8, 10, 16, and 18; coarse product of classifier spigot goes to four tables, 
and fine product of overflow goes to four other tables after being thickened 
in the V tanks; table concentrates delivered by centrifugal pump to dewatering 
and distributing tank feeding 20; table middlings delivered to 22 and tailings 
to waste. 

20. Three Deister reconcentrating tables. From 19 and 22; deliver 
gold concentrate to 21 , shipping concentrate to smelter, and tailings via sump, 
elevator, and dewatering box to 23. 

21. One amalgamation barrel, operated 5 to 6 hours daily. Prom 20 
and 26; amalgam is cleaned and retorted to bullion; residue is shipped to 
smelter. 

22. Two No. 6 Wilfley tables, for middling treatment. From 19; deliver 
concentrate to 20, middlings via sump, elevator, and dewatering box to 23, 
tailings to waste. 

23. Two 5- by 5«foot AUis-Chalmers ball mills. From 20, 22, 25, and 26; 
discharge is pumped to V tank for thickening and thickened pulp goes to 24. 

24. Two four-spigot DeUter cone hydraulic classifiers. From 23; deliver 
each spigot to one re treatment table 25 and overfiow to 27. 

25. Eight Deister retreatment tables. From 24; deliver concentrate 
to 26, middlings to 23, and tailings to waste. 

26- One Deister reconcentrating table. From 25; delivers gold concentrate 
to 21, shipping concentrate to smelter, and tailing to 23. 

27. Two 2-cell, 18-inch Minerals Separation subacration flotation machines. 
From 24; deliver shipping concentrate for smelter and tailings to waste. 

This flotation treatment has lately been still further extended by degrees 
to include more and more of reground table tailings and slimes and thus obtain 
some additional recovery of values. 

General —This mill represents a hard fight to treat profitably a low-grade 
gold ore with a narrow margin of profit. The following figures for the year 
1937 represent general average results. Ore mined was 4,442,760 tons assay¬ 
ing 0.0441 ounce gold per ton, waste rejected by hand picking 2,191,681 tons 
assaying 0.0082 ounce gold, balance fine milled 2,251,079 tons assaying 0.0790 
ounce gold. Of this 0.0790 ounce the mill recovei^ 0.0594 ounce in the 
form 01 gold bullion and 0.0080 ounce in the form of galena concentrates, 
lea%'ing 0.0116 ounce in the tailings. The gold recovery based on ore actually 
fine milled was 85.32 per cent. Of the gold in the ore mined, 9.17 per cent 
was lost in the waste rejected by hand picking and 13.33 per cent was lost 
in the tailings of fine inilling, leaving 77.50 per cent actually recovered. 

The gross value of metals recovered was $5,516,414.20, made up of $5,308,- 
471.55 gold, $91,528.49 silver, and $116,414.16 lead, or gross value per ton 
mined was $1,233. Costs per ton mined were mining, $0,347; milling, $0,245; 
other Juneau operating costs, $0,057; general corporation and pay-roll taxes, 
$0,046; all other costs, $0,013; total ^.708, leaving a profit of $0,525 per ton 
mined. 
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Sis^ss^sass 

Bonne Terre described Inter and shown m Fig. 217. 



TABLE 76 —DISTRIBUTION OF MILUNQ COSTS AT ALASKA JUNEAU MILL IK CENTS 

PER TON ACTUALLY FINE MILLED 



Ficure 212a gives a general layout of the plant and shows the mine ore 
conve^d to the coarsc-crushing house follow^ by the coarsc-ore conveyor 
to the fine-crushing division. The fine-crushed ore is delivered j>y Icmg con¬ 
veyor to the sampling plant and thence to the ore bins at the head of the mam 
concentrator building. Jig and table concentrate made here go by con¬ 
centrate launder to the concentrate bm building, while all slime passes to the 
four Dorr thickeners outside and the thickened slime is concentrated in the 
flotation plant. The jig and the tabic tailing from the mam plant are delivered 
to the waste dump by the chat conveyor. The figure also shows other parts 
including railroad tracks, reservoir, coalbin, machine shop, and storeroom. 
Figures 2126, 212c, and 212d show only the main concentrator building. 

The mill is in two parallel urJta which can be operated independently. 
It is possible to follow the ore fairly closely on Figs. 2126 and 212c. The con¬ 
veyors above the ore bin bring it from the crushing plant and deliver it to the 
bin- The shaking feeders beneath the bin deliver it to elevators lifting it to the 
coarse trommels at the very top of the mill. Oversize of 9 millimeters drops 
down to the first rolls at the bottom, where it is crushed and reelevated. 
Undersise of 9 millimeters drops into the fine or 2-millimeter trommeb, and 
the oversize of these drops down to the Hancock jigs; the undersize of 2 milli¬ 
meters goes by gravity to the Esperanza deslimer which delivers sand by long 
launder to the <Ostributor centrally located above the table floor and slune to 
the Dorr thickeners outside the mill. 

Middlings from the Hancock jigs are dewatered in Esperanza dewaterers 
under the jip, and the dewatered material is reground in rolls, Marathon rod 
mill, and Hardinge conical mill, these three types of machines all doing the 
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same work. The reground middlings ai« elevated back to the trommels 
Special notice should be made of the slope of the table floor for good drainage 
and also of the launder floor beneath, where the launders are all out of the was 
of the machines. 


Although this mill is on practically a flat dte, the reader will see that, 
except for the elevators for original ore and recrusbed middling, the ore flows 
largely by gravity, and it is possible for millmen to travel to the various parts 
of the mfll without the excesrive climbing of stairs necessary in a steep sloping 
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of Fi|. 2126. 


MILL T^taUClPhZS PBMESSBS 

miU, The foreman can maintain a better oversight of this flat-site miU than 
be could of ft steep beside plant. . rv.K^«rMrftATORor Phelps Dodge 

plan of the 

show the crushing plant in elevation and plan, and Fig. 213d shows a iongi 


tudinal section of the concentrator divi^on. One is strack with the compact¬ 
ness and at the same time with the openness of the mill, giving free access to 
the machines on all sides. This results from careful planning of launders and 
pipes and from the absence of shafting and belting due to the almost universal 
use of in^^vidual motor drives. 

The Copper Queen concentrator has a capacity of 4000 tons per 24 hours. 
The ore is a typical porpbjTy copper ore, containing chalcocite and pyrite as the 
chief sulphide minerals, in a aliceous gangue. The chalcocite, making up 
about 2.32 per cent of the ore bulk, is rather intimately associated with the 
pyrite, which makes up about 19.11 per cent of the ore. Because of the finene^ 
of dissemination, fine grinding to at least 75 per cent through 200 mesh is 
desirable for adequate Uberation of the copper mineral. 

It is easy to follow the course of the ore in the figures. The coarse-crushing 
plant hss an almost strmght run of the ore through the three steps of coarse 
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crushing, delivering finally to the 42-mch conveyor with Merrick wdghtom- 
eter leading sidewise to the concentrator building. The 42*inch conveyor 
at the bottom of Fig. 2136 is for by-passing rich ore to the smelter shipping 
bin or waste to waste bin if such materiab should be delivered to the mill. The 



successive steps are simply arranged in str^htforward order in the concentra¬ 
tor building also: crushed-ore bins, primary grinding, bowl classification, 
secondary grinding, and dotation. In plan the concentrator con^ts of four 
independent sections side by »de, each having a loi^tudinal section as shown 
in Fig. 213d. Tlie thickening department, with tanks for both concentrates 






MILL rniifClFLES i4V£> FKOCBSBSS 

stiU bwer level and are directly over^h^ ^ elevators is 

of plant arrangement are evident in the fagures. me au&cu 

to be noted especially. 
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CVusAtnp ^2an^.—A flow sheet of the crushing plant is not shown as it is 
readily followed on the figures. The coarse ore fed to the jaw breaker has 
passed a 20*inch grizzly at the mine and is reduced to 10 inches in the jaw' 
breaker. The gyratory crushers are set to give a product of 4 inches maxi mu in 
sise. liie Symons horizontal disk crushers in the third and final crushing 
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stdge are set at 1} inched. Crushing is not carried further ajainiy r.eceuseof 
the wetness of the ore» which causes some trouble in wet seasons even with the 
existing How sheet. All three crushing st^es are operated in open circuit 
but a stationary grisdy ahead of the jaw crusher by-passes fines around the 



crusher, and Burch ring grisslies do the same for both the gyratory and disk 
crushers. 

Conc^niralor.—The ore is concentrated by an all-flotation prc%dure after 
grinding in a two-stage circuit, as is shown in the flow sheet (Fig. ?14), The 
feed to each section goes over a Merrick weightometer. The pninary rod 
mills and the primary bowl classifiers operate in open drcuit, whereas the 
second stage consists of ball mills and rake classifiers in closed circuits. The 
































369 


Mill* FRINCIPLB8 AND FROCBSSES 
separate flotation treatment of the primary 

rl^ifier and of the overflow of the secondary classifier was ^f^Ptecl ai^ 
- y.y^TT.«Amc/tno rtf at^nfLTAtB and combined treatment were made. 



combined rake classifiers overflow, respectively, are each distributed between 
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five 50-foot Forrester-type pneumaUc flotation machines, maldng ten machines 
altogether in the mill. Finished concentrates overflow the first 20 feet of each 
machine, and the rough concentrates from the last 30 feet are returned to the 
head of the machine. The coarse portions of the concentrates settle out in 
the Blaisdell tanks and the fines are recovered by the six Dorr thickeners 
^d the Oliver filters. Water to be used over is also recover^ from the tailines 
by the 200-foot thickener. 


HI Ore Bins-Total Capacity, 12,000 tons Crushed Ore 
(2) Ei^t 6-by 12-foot Rod Mrlls 
I3i Eight IS-foot Bowl Classifiers 


Saq ds 

f4) Eight 6“by l^oot Ball Mills 
(5) Eight Moot Rake Classifiers 


San ds Ove jflow 

' (7) Five 60-foot Forrester 

Flotation Machines 


Sli mes 

(6) Five 50*foot Forrester^ 
Flotation Machines 


Tailings Finished Rough 
Cone. Cone. 


Rough Fnished Tailmgs 
Cone. Cone. * 


To Thickening To Tailings 

and Filtering Thickeners 

Flo. 2l4.^0rind)ng and flotation flow ftboot. Coppor Quaon eooeootrator. 


Lime, xanthate, and pine oil in quantities of 5.0, 0.10, and 0.04 pounds per 
ton of ore, respectively, are the only reagents used. The lime is added in dry- 
crushed form to the primary rod-mill feed, and the xanthate and pine oil are 
added to the classifier overflow pulps. Metallur^cal results are controlled by 
adjustment of the lime and xanthate quantities. Low xanthate and high lime 
favor high concentration ratios; high xanthate and low lime favor low con¬ 
centration ratios and high recovery. About 86 per cent of the total water used 
is return water, and for this reason the Ume is not capable of quick variation 
over a short period; thus the xanthate addition offers a more effective and 
sensitive means of immediate variation of flotation conditions. 

Melallurgical Data and Costs .—Table 77 gives a summary of the Copper 
Queen metallurgical results in the year 1929 and Table 78 shows cost data 
for the same year. 


TA3LC 77.—UETALLUaOlCAL DATA, COPFSR QUEEN MILL 



ACW* TotAJ 

_Wrish(. Soluble Oobbat Iroo. SUiee. 

Per vent. Ce^i^. Oral Ceal. Per Cwit. 


Per Cent of Totol. 


Fewl. . . 
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TABLE 78-—PtBTBPCTlON OF MILLING COSTS, COPFEB QUEEN MILL 


Per Cetit of 
Totftl Coot. 


Cru«bicL< end eonT«7>n( 
PnBory ffiodinp. . .. 
Soeondory criodtB4- 

PloUCioo.. 

CotiMBtroCO JiondbBf... . 
Tojiftf dKPOOil 
AoMytof OBd BonpUnc 

Mill w4t«r. 

Mill deportaent 
TotoU 



MODCRK PLOW 8&£BT6 

From what has preceded, the student already underatends that the object of 
operating ore-dressing plants is to get the values of the or^ 
bulk and thus to diminish the expense of shipping and metallurgical treatment 
which the waste rock would otherwise incur. Or^ressing pUnts do not 
extract the metals from the ore; this is left for the smelters to do and belongs m 
a discussion of metaUurgy rather than of ore dressing. However, wme gener^ 
knowledge of metallurgy is valuable to the ore dresser, in that be nnds it 
economically advantageous to send to the smelter a concentrate product whose 
composition and ph)r8ical characteristics are considered most desirable for 
metallurgical treatment by the smelter man. 

Ore-dressing treatment is largely mechanical in nature and m nearly con¬ 
tinuous and automatic as possible in order to save the expense oflabor, which 
is a large and costly item of milling. Continuity of operation and a minimum 
of lost time for repmrs and changes are favored by the horisontal end vertical 
divisions in mill layout, with adequate storage bin, surge bin, surge tank, and 
other similar facilities to permit each unit in such a division to operate more 
or less independently of the others. The Copper Queen mill, already descnbed, 
illustrates the unit-operation principle very well. Vertically, it is divided 
between coarse crushing and fine grinding-fiotation; the grinding and concen¬ 
tration operations are Ivided borisontalTy between four similar independent 
sections. This matter of unit operation is discussed at more length in the 
next chapter. 

It will be observed in 8tud)dng flow sheets that the complexity of the treat¬ 
ment processes will vary between wide limits. The elaborateness of the flow 
sheet will depend u|»n the nature of the ore: fineness of dissemination, impuri¬ 
ties present and their mode of occurrence, value of the ore, physical character¬ 
istics; on the final product requirements as set forth by the smelter or other 
buyer; on economic considerations; and on other general factors such as the size 
of the mill, its expected life, and its location. 

The material in the remaning parts of this chapter will be classified primar¬ 
ily according to the metals or minerals which are extracted, and the examples 
in each section, supplemented by those given in previous chapters, will include 
representative ore types of most of the important mining districts of the 
United States. 


COPPSR COKCENTRATORS 

Sxn>FHiDE Copper Ores. —Several copper mills have already been discussed 
in full or in part previously; hence only two more will be added at this point. 
Those already discussed are, in Chapter XIII, the Anaconda, the Miami, and 
the Noranda concentrators and, in this chapter, the Copper Queen concen- 
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Orator, representing different practices in concentrating sulphide copper ores. 
All important plants today treating sulphide copper ores use fine grinding and 
all-notation. Large-scale operations are typical, much more so than is the 
case with other classes of ores. 


fh Ore Cvs 
{2 \ Csr ^mper 
(dJ Ore Pocket 
14 J Grizzlies 
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126) Ball Mils 
(27|Elevdlcrs 
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O^rilow 


110) Hooper 
(II) Grizzlies 

Oversize Und^size 

(12) Impact Screens 
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(I3| Symons Cone Oushers 


(MlBaj 

(IS) Belt Conveyors 

(16) Wei^tojneters 

(17) Ffie Ore Bns 
ll8) Vibratms Feeders 


129) Dorr Thickeners 

(30) 

(31) Puirps 
132) Pulp Samplers 
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1341 Roi.rSher Flotation Cells 
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Middls)^ Com. Tellings 
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Flotation Samplers 

J-9215-jTe’wajf# 
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|37? Oorr TtjKfceners (39) Samplers 


(381 Pumps 


(19) Elevators 
(20) Vibratmj Screens 
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size 


(22) Elevators 
123) Ora$ Classifiers 


Overflow 


't 


|40l Dorr Thickeners 
(ill Elevators 
(421 American hlters 
(431 Belt Conveyors 
144) ConcentrMe Cars 
To Smelter 


Fid. 215 .—Flow ibeet. Ma^a mill ot Utah Copper Company. 


Maona Mill, Utah Coffer Comfany, Maona, Utah. —The operations 
of the Utah Copper Company furnish the outstanding examples of the treat¬ 
ment on a large scale of very low-grade copper ores. The ore treated at the 
Magna mill, and also at the Arthur mill of the same company, is a finely 
disseminated porphyry ore with chal copy rite as the chief copper mineral and 
minor amounts of chalcocite, covellite, bomite, and oxidised minerals making 
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uD a total copper content just under 1 per cent (0.961 per cent in 1931). Iroi^ 
averaging about 2.5 per cent, occurs in the form of pyrite, intimately associated 
with the copper minerals. The capacity of the Magna plant is about 30,000 
tons per day, The flow sheet is given in Fig. 215, and supplementary data 
are given in the following: , , . / 

1. Ore arrives at the mill in trains of 60 standard-gage railroad cars ol 
80 to 100 tons capacity. From the mine; deliver to 2, 

2. One rotary car dumper with 2 cars capacity. From 1; delivers to o. 

3. One ore pocket. From 2; delivers to 4. 

4. Two grizsUes, Scinch oi^nings. From 3; deliver oversize, about 20 
per cent of feed, to 5 and undersize to 7. 

5. One No. 27 Allis-Ch aimers g 3 T^tory crusher, Uking pi^es up to 64 
inches in diameter and discharging Wnch product. From 4: delivers to 6. 

6. Two hoppers. From 5; deliver to 8. 

7. One storage bin. From 4; delivers to 8. 

8. Four 60-inch apron feeders. From 6 and 7; deliver to 9. 

9. Two 54-inch inclined conveyors, 397 feet long. From 8; deliver to 10. 

10. One hopper. From 9; delivers to 11. 

11. Four grizzlies, 24-ijich openings. From 10; deliver oversize to 13 and 

undersize to 12. , . 

12. Four Impact screens, l-incb openings. From 11; deliver oversize to 
13 and undersise, about 17 per cent of feed, to 14. 

13. Four 7-foot Symons cone crushers, discharging 1-inch product. Froni 
11 and 12; deliver to 14. 

14. One ore bin. From 12 and 13; delivers to 15. 

16- Two 54-inch horizontal conveyors, 667 feet long, each with one weight- 
ometer 16, followed In order by two d6-inch inclined conveyors, two 42-inch 
inclined conveyors, and four d^inch tripper conveyors. From 14; deliver to 
17. 

Two weightometers. These are integral parts of the 54-inch conve 3 ror 8 


16. 
in 15. 

17. 

18. 


Two fine-ore bins. From 15; deliver to 18. 

Twelve $-foot Utah electric vibrating feeders, one for each of 12 fine- 
crushing sections. From 17; deliver to 19. 

19. Twelve 36-inch elevators, run dry. From 18 and 21; deliver to 20. 
Seventy-two 4- by 5-foot Utah electric vibrating screens, 6 to 10 
Six screens per section. From 19; deliver oversize to 21 and undersize 


20 . 
mesh, 
to 22. 
21 . 


Thirty-six 42- by 16-iDcb rolls, three per section. Circulating load 
600 to 600 per cent of new feed- From 20; deliver to 19- 

22. Twelve 36-inch elevators, run wet- From 20 and 24; deliver to 23- 

23. Eighteen 8- by 14-foot Dorr rake classifiers and six 12- by 14-foot Dorr 
rake classifiers. Two classifiers per grinding section. From 22; deliver sands 
to 24 and overflow to 25. 

24. Twenty-four 7- by 10-foot primary ball mills, two per section. From 
23; deliver to 22. 

25- Twelve 22-foot Dorr bowl classifiers. Prom 23; deliver sands to 26 and 
overflow to 29. 

26. Thirty-six 7- by 10-foot secondary ball mills, three per section. From 
25 and 28; deliver to 27. 

27. Twelve 36-mch elevators. From 26; deliver to 28. 

28. Thirty-six 6- by 17-foot Dorr rake classifiers and thirty-six 8- by 17-foot 
Dorr rake classifiers. Two classifiers per secondary ball mill. From 27: 
deliver sands to 26 and overflow to 29. 
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29. One 225-foot Dorr thickener and one 250-foot Dorr thickener. The 
pulp from the grinding circuit is thickened from between 18 end 22 per cent 
solids to between 30 and 35 per cent solids for feed to flotation. From 25 and 
28; delivers underflow to 30. 

30. One sump. From 29; delivers to 31. 

31. Five 12-inch Hydroseal centrifu^ pumps. From 30; deliver to 32, 

32. Two samplers. From 31; deliver to 33. 

33. Two five-way pulp distributors followed by ten six-way distributors, 
making 60 carts in all. From 32 and 38; deliver to 34. 

34. Six hundred Fagergren rougher flotation cells, in 60 rows of 10 each. 
Celb 1 to 5 in each row give rougher concentrate and cells 6 to 10 give mid¬ 
dlings. From 33; deliver rougher concentrate to 36. middling to 37, and 
tailings to 35. 

35. Tallinn sampler. From 34; delivers tailings to waste. 

36. Sixty Fagergren cleaner flotation cells. From 34; deliver concentrate 
to 39 and tailings to 37. 

37. Six 75-/oot Dorr thickeners. From 34 and 36; deliver to 38. 

38. Four 6-inch pumps. From 37; deUver to 33. 

39. Two concentrate samplers. From 36; deliver to 40. 

40. Two 75-foot Dorr thickeners. From 39; deliver underflow, containing 
55 to 65 per cent solids, to 41. 

41. Three IS-inch elevators. From 40; deliver to 42. 

42. Six 13-foot, four-leaf American filters. From 41; deliver cake, con¬ 
taining 9 to 10 per cent moisture, to 43. 

43. Two 30-inch conveyors, in series. From 42; deliver to 44, 

44. Concentrate cars. From 43; deliver to smelter. 

The metallurgical data for the period January to May, 1932, are given in 
Table 79 

TABLE 79.—UETALLUaOlCAL PATA FOB HAQKA MILL 

Per Ceat. 

Iran. 

i.m 
89.sa 

Indicftted recovery.1*. P*' 

Ratio of concentration....... oO.o into I 

Table 80 shows the distribution of milling costs reported for 1929. These 
figures actually represent the combined data for the Magna and the Arthur 
mills of the Utah Copper Company, as the latter mill, which is similar to the 
Magna, was being operated at that time. 

TABLE 80.—niSTRlBUTlOy OF MILLING COSTS, MAGNA AND ARTHUR MILLS 


l&soluble. 

S.42 



M)U hcede... 
Concent rate* 
TMlinfft. 



Co|»p«r. 


0.9648 

38.869 

0.0679 
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A Biicroscopio study of the mill feed and products of the Utah 
pany’s mills h« been made by V. S. Bureau of M.n^ worker («« Chapter 
XVIII for discussion of Ore-dressing Microscopy). The results of ^ 

bought out a number of interesting relations, which are summarized in the 

followi^^^^n and 05 per cent of the total copper recovered occurs m 

mineral particles in the size range from 200 to 800 m«h- . . ... 

2 Between 78 and 82 per cent of the total copper lost in the tailmgs occurs 
in mineral particles larger than 200 mesh and smaller than 800 mesh- 

3. Between 36 and 39 per cent of the total copper lost occurs m the minus 
d-micron (minus 2240-mesh) slimes. , , ... 

4 Pyrite particles tend to be filmed with covelliU or chalcocite, whicn 
explains the difficulty of producing a flotation concentrate free from pynte. 
With a feed containing 2.15 per cent pyrite, the concentrate had lo.09 per 

cent pyrite. , . , w 

This and other microscopic work done on the ore during the evolution oi 
the present grinding practice has played an important role in the de\'elopment 
of the present flow sheet. In so doing, it has demonstrated very forcefully the 
importance of determining the proper degree of grinding and classincation 
l»fore flotation and the value of thorough and careful microscoi>ic and chemical 
study of sub-sieve sizes in interpreting grinding-recovery relationships. 

Very recently the flow sheet has been extended to include the recovery oi 
molybdenite by floating that mineral from the copper concentrates after sub¬ 
jecting them to a flash roast to destroy the xanthate coating. 

The tailings of the Magna mill contain a small amount of fine free gold 
which is being profitably recovered in a tailings plant treating 12,000 tons 
daily. This plant consists of launders lined with burlap, and there are two 
sets of launders in series. Each set has four double launders each 7 feel wide 
and 500 feet long, making a total area of nearly 30,000 square feet for the two 
sets. The burlap is removed after 40 days, cut up, dried, burned, and the 
residue shipped to the smelter. 

Native Copper Ore8. —The commercially important deposits of native 
copper in the United States are located in the Lake Superior district, in northern 
Michigan. The Lake Superior ores are of two general types, known as the 
conglomerate*' and the •• amygdaloid'* ores, respectively, and their methods 
of treatment differ somewhat. Milling practice for native copper ores has 
necessarily developed along somewhat different lines than that for sulphide 
copper ores. This difference would be expected in view of the wide variation 
in size of the copper particles in native copper ore from large masses of several 
tons down to microscopic particles and in view of the non amenability of these 
copper particles to comminution. 

Calumet and Hecla Consoudated Copper Company, Conglomerate 
Mill, Lake Linden, Michigan. —This mill treating conglomerate ore will 
illustrate milling practice in the Lake Superior district. The copper in the 
conglomerate occurs chiefly as cementing material around the pebbles, 
although a minor percentage is present in a fine state of subdivision ^-ithin 
the pebbles, and another small variable percentage occurs in large pieces, 
recovered as "mine masses" or "mill masses." The former require special 
handling at the mine; the latter are hand picked in the mill. The ore is very 
tough and hard, and this causes a rather high rate of wear of crushers, pumps, 
and other equipment subjected to abrasion. The capacity of the conglomerate 
mill is repor^d as 3800 tons of ore per 24 hours. The mill heads assay 2.2 per 
cent copper, the concentrate 62 per cent copper, the tailings 0.11 per cent 
copper, and the total copper recovery is about 95 per cent. 
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As a result of the ore properties mentioned above, the milling procedure 
used at the present time shows only in a secondary way the effects of the past 
few years of general ore-dressing development in other fields- For example, 
the steam stamp is still ret^ned for a single-stage reduction from 4-inch si sc 
down to A-inch sise, in preference to graded crushing in modern crushers, 
which characterises present-day plants treating other ores. The difficulties 
which would be incurred in crushing ore cont«ning copper nuggets of all sizes 
in the usual types of crushers are obvious. The limitation of the field of 
application of flotation is also apparent, and, as will be seen later in the flow 
sheet and its discussion, flotation merely supplements in the fine sizes the 
recovery obtained by gravity concentration of the m^n part of the ore in 
the coarser sizes. 

Preliminary breaking of the ore to a size for feed to stamps is done in rock 
houses at the mine shafts, after which the crushed ore is hauled to the concen¬ 
trator proper. The concentrator consists of four units, each separately 
housed, as follows: (1) Calumet stamp mill, (2) No. 1 regrinding plant, (3) 
leaching plant, and (4) flotation plant. The flow sheet of the complete group 
is given in Fig. 216 and explanatory notes follow. 

Rock Houu at Miru .—There is one rock bouse for each shaft; and since 
all are alike in process, only the general flow sheet is given here. 

1. Mine skips. Prom mine; discharge on 2. 

2. Grizzly, 4-inch openings, 30-degree slope. From 1; delivers oversize 
over feeding apron to 3 and undersize to 4. The operator feeding the crusher 
3 may pick out mass copper to smelter, wood to waste, and poor rock to waste. 

3. Blakc-type jaw crusher, 24 by 48 inches, set for 4-inGh discharge. 
From 2; delivers to 4. 

4. Rock house ore bins. From 2 and 3; deliver by gates and chutes to 5. 

5. Railroad cars, 40 tons capacity. From 4; deliver to 6. 

Calumet Stamp Mill .—The stamp-mill plant, including gravity concentra¬ 
tion by jigging and tabling, consists of 11 units, all items listed below being for 
1 unit only, except as otherwise specified. The normal tonnage for each unit 
is 350 tons of conglomerate ore per 24 hours. 

6. Mill bin, live capacity 300 tons. From 5 and 9; delivers to 7. 

7. Picking table, shaking-apron type, also serving as stamp-mill feeder. 
Masses of copper too large for stamping are picked out. Wood and other 
rubbish are also discarded by hand picldng at this point. From 6; delivers 
stamp rock to 8, w'ood and rubbish to waste, and coarse copper concentrates, 
called “barrel work,'^ to smelter. 

8. One Leavitt steam stamp, 195 horsepower, 24-inch stroke. Weight of 
moving parts with new shoe and shaft, 6000 pounds. Stamp screens have 
■^inch round holes in plate 0.11 inch thick. Uses 240,000 gallons of water 
per 24 hours. Spaced 90 degrees apart in the sides of the mortar at about the 
bottom level of the screens are four mortar jigs operated by plungers outside 
the mortar. Each jig is 4 by 12 inches and has J-inch jig sieve. A limited 
amount of feed comes upon each jig sieve through a rectangular opening into 
the mortar at the base of the mortar screens. These jigs take out copper 
nuggets which are too coarse to pass the -^inch screen. From 7; delivers 
pulp issuing through •^ineb screen to 10; skimmings and hutches of mortar 
jigs, called “Cover work,’' to smelter; twlings of mortar jigs to 9. 

9. One C5ver jig. From 8; delivers discharge and hutch, called “Cover 
work," to smelter and tailings to 6. 

10. Two 5-tank Woodbury jigs. The first tank has sieve compartment 
24 by 36 inches with plunger 12 by 24 inches and remaining four sieves are 
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30 by 48 inches. The first tank is a ctassifier jig taking off as sliraea material 
finer than around 60 mesh, ae well as making discharge and hutch products 
and tailings passing successively over the four tanks following. From 8; 
deliver discharges from first two tanks as concentrates to smelter, hutches from 
all four tanks to 14, tailings from last tank to 16, and slimes from first tank 
to 11. 

11. Launder-type hydraulic classifier making spigot product 60 to 200 
mesh and overflow* minus 200 mesh. From 10; delivers spigot product to 
12 and overflow to 23. 

12. Two Wilfley tables. From 11; deliver concentrates to smelter, 
middling to 13, and tailings to 20. 

13. One Wilfley table. From 12; delivers concentrates to smelter and 
tailings to 20. 

14. Two Wilfley tables. From 10; deliver concentrates to smelter, 
middling to 15, and tailings to 16. 

15. One Wilfley table. From 14; delivers concentrates to smelter and 
tailings to 16. 

16. One SO-foot sand wheel, serving all units. From 10, 14, and 15; 
delivers to 17, 

iVo. 1 Renrindirt^ Plant .—In this division the tailings from the jigging and 
finishing tabling, ranging in particle sise from inch down to about 20 mesh, 
are ground to about 35 mesh for further concentration. Table concentrates 
are made from the reground sands, followed by further treatment bv leaching 
and flotation. There are 24 repinding units in all, only about half of them 
being in operation in 1930. The flow sheet and data following are for one 
unit only. 

17. One Hardinge pebble mill, 8 feet by 72 inches. Capacity is 110 tons 
per 24 hours; power consumption 90 horsepow*er; pulp deiwty 25 per cent 
solids. From 16; delivers to 18. 

18. Five Wilfley tables. From 17; deliver concentrate to 19 and tailings 
to 20. 

19. Two Wilfley tables. From 18; deliver concentrates to smelter and 
tailings to 20. 

20. One 50«foot sand wheel, serving all units. From 12, 13, 18, and 19; 
delivers to 21. 

Leaching Plant .—In the leaching plant the fine sands (plus 200 mesh) of 
the tailings from the regrinding plant are leached with cupric ammonium 
carbonate and ammonium carbonate, recovering the copper finally in the form 
of cuprous oxide. Slimes minus 200 mesh are separated and sent to the flota¬ 
tion plant. Both the leaching plant and the flotation plant treat, in addition 
to the conglomerate mill tailings, the corresponding products from the reclama¬ 
tion plant. 

21. Sixteen V settling tanks. From 20; deliver sands to 22 and overflow to 
23. 

22. Eight Dorr quadruplex classifiers, capacity 1000 tons each per day. 
Sands for leaching are separated from slimes for notation. From 21; deliver 
sands to leaching tank and overflow to 23. 

23. Dorr tray thickeners Leaching plant slimes are thickened from a 
water to solid ratio of 50 or 60 to 1 to one of 3 to 1 in twelve 40-foot, four- 
compartment thickeners. Primary slimes from 11 are thickened in eleven 
25-foot 3-tray thickeners, one for each stamp-mill section. From 11, 21, and 
22; deliver underflow to 24 and overflow to water supply or waste. 

Flotaii<m Plant .—The flotation plant treats the thickened primary slimes 
separated from the steam stamp product, the slimes from regrini^ng, and 
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part of the old taiUngs reclaimed from Torch Lake, the total daily tonnage 

ov^pAirins b6tw©6ii 2000 &D<i 2500 tons. jj j 4i%ia 

24^ One 8-inch Morris centrifugal sand pump. The reagents added .. 
point are xanthate 0.05 pound per ton, Ume 0.17 l»und per ton, and pme oi 
0 10 pound per ton. From 23, 27, 28. 29, and 31; dehvers W 25. 

25. One six-way feed distributor. Ftom 24; dehvers 5 parts to 26 and 

^ ^26 ^iw 16-cell Minerals Separation standard agitation flotation machines, 
24.inch impeUers. Feed from 25 enters ceU 4 which is as a preagitator. 
Cells 5 to 16 produce rough concentrates which are returned to cell 1, ana 
rough tailings from cell 16 go to 28- Cells 1 to 3 are cleaner cells, giving cleaner 
concentrate to cell 12 in 27; cleaner tailings from cell 3 pass on to cell 4. Pine 
oil about 0.05 pound per ton, is added to the cells, supplementing reagents 
added to 24. From 25; deliver concentrate to 27 and taibngs to 28. ^ 

27. One 16-cell Minerals Separation standard agitation machine, 24-inch 
impellers. Feed from 25 enters preagitator cell 3, cells 4 ^ 
concentrate, which is returned to cell 1 for cleaning in cells 1 and 2. iailings 
from cell 11 pass to 28. Cleaner concentrate from celU 1 and 2, and from 
26 cells 1 to 3, are recleaned in cells 12 to 16. Tailing from cell 16 is a middling 
product relumed to 24. Supplementary pine oil w added as in 26. r rom 
25 and 26; delivers cleaned concentrate to 29, middlings to 24, ana tailings 

^ 28. Two Inspiration pneumatic flotation machines, each scavenging tailings 
from three primary flotation machine. From 26 and 27; deliver middling to 
24 and tailings to waste. ^ 

2^9. One 25-foot concentrate thickener. Overflow is dirty, rrom 27; 
delivers underflow to 30 and overflow to 24. 

30. One 2-inch Dorrco pressure diaphragm pump. From 29; delivers to 31. 
31 One 8- by 8-foot Oliver filter. Filter cake, about 14 per cent moisture. 
From 30; delivers filtrate to 24 and final cake of flotation concentrate to 

smelter. ., , 

This flow sheet Is of particular interest because it provides mcaM for 
recovery of native copper particles over the whole siae range, each slae being 
recovered separately as early as possible in the treatment procedure. Thus 
iiand picking recovers the coarsest copper in the mill feed before stamping, 
mortar jigs recover the nuggets down to about inch, Woodbury jigs recover 
the coarse copper from A Iwch down to about 60 mesh, Wilfley tables recover 
the copper from 60 to 200 mesh, leaching recovers the nonliberated copper 
in the 35- to 200-me8h sands, and flotation recovers the minus 200-mesh copper 
in the slimes- The data in Table 81 show the distribution of concentrates 
between these operations and the approximate grade of concentrate produced 
in each case for the year 1929. 


TABLE 81.—RECOVERY OF NATIVE COPPER AT CALUMET AND HECLA 
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81.71* 


91.27 


* TUa preduet ia ouproua oxide. 
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The costs in cents per ton, based on the total tonnage of ore milled, are 
given in the following data reported for 1929: primary grinding (stamps), 
19.2; gravity concentration {stamp product), 6.0; secondary grinding (pebble 
mills), 8,1; gravity concentration (reground sand^), 1,2; flotation, 3.9; leach¬ 
ing, 10.1; tailings disposal, 1.7; superintendence, sampling, etc,, 3.1; total cost 
per ton of mill feed, 53.3 cents. 

The present combination process of gra\ity concentration, leaching, and 
flotation represents a gradual evolution from the original procc>«, using jigs 
and round tables, which was installed about 1870. After about 30 years 
Wilfley tables were introduced, and after about 50 years the present scheme 
arrived. 

ReclanuUion Plant .—All tailings since the mill began have run out into 
Torch Lake. Prior to the introduction of the present mill process these tail¬ 
ing contained considerable copper, averaging up toward 1 per cent, and even 
more for the very old tailings. The accumulated tonnage was estimated at 
over 34,000,000 ton.s. It was a simple matter to reclaim these by dredging 
and re-treat them. They were first classified in Dorr classifiers and the coarse 
portion reground In Hardinge pebble mills and run over Wilfley tables to make 
a finished copper concentrate. The table tailings joined the overflow of the 
Dorr classifiers and underwent the leaching and flotation treatment as already 
explained under Leaching Plant. The reclamation of these old tailings has 
been a very profitable operation. The final residue after retreatment assayed 
only 0.12 per cent copper. The cost per ton treated has run around 50 cents 
or under 5 cents per pound of copper produced. 

Thi.s forms a splendid illustration of the importance of the principle that 
tailings should never be discarded Irrevocably but should be impounded or so 
disposed of that they can be readily reclaimed later w’hen development of new 
processes and new economies makes it possible to recover additional values 
from them at a profit. Numerous mills in the past have allowed tailings to be 
crashed away down the creek and lost forever. These tailings would have 
become valuable later on. 

Amygdaloid Mills. —Amygdaloid ore is not so bard as conglomerate ore. 
Its copper content is also generally not so high, and it has a lower proportion 
of fineV di.sseminated copper. For these reasons in the mills treatings amygda* 
loid the stamp screen is coarser, up to { inch, and the stamp capacity is con- 
j'idcrably higher. Extremely fine comminution is not necessary to free the 
copper from the gangue, and gravity concentration by jigs and tables effects a 
good recovery of the copper and low-grade tailings. There is no sand leaching, 
but in recent years regrinding of jig tailings has been on the increase and in 
some instances has been carried to the point where all jig tailings are reground 
to flotation size. Flotation is applied to all slimes, and flotation and tabling 
are applied to the reground jig tailings. 

LEAD AND ZINC CONCENTRATORS 

Classes of Ores. —Lead and sine are recovered chiefly from three types of 
ores: lead ores, zinc ores, and complex lead-zinc ores. The complex ores have 
risen to their present commercial importance in relatively recent times, as, 
before the advent of differential flotation, no practical treatment system was 
available for many of them, and on others only poor separations could be made. 
From the viewpoint of the respective smelters, it is desirable that lead and zinc 
should be obtained in as pure products as possible and that other conditions be 
satisfied as indicated in the following summary: (o) Zinc is a harmful impurity 
in lead blast-furnace operation and is accordin^y penalized in lead concen¬ 
trates. (6) Lead and precious metals are not recovered in zinc retort plants 
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without the considerable added expense of treating the retort 
Lead and precious metals are recovered m electrolytic sine 
Ivtic plants have higher treatment costs than retort planU. (d) Prmou. 
^tals are readily recovered in lead smelting, (e) A premium w placed on 
hieh purity of sine concentrates, because of the dir«t effect of grade on smeU- 
ine equipment capacity and smelting costs, (f) A bailee of iron, lime, and 
silica is desirable for feed to a lead blast furnace, and the value or penalty 
imDOsed on these constituents varies with conditions. , . . , r 

Galena, sphalerite, and marmatite are the chief lead and sine minerals oi 
economic importance. Pyrite and pyrrhotite are frequently prewnt in le^- 
zinc ores, and in some cases there are also small amounts of other metallic 
sulphide minerals, as chalcopyrite, marcasite, tetrahedrite, etc. The non- 
metallic gangue may be siliceous or calcareous in nature, and occasionally 
contains barite, rhodochrosite, or other such minerals. Silver associated with 
one of the sulphides is frequently of economic importance. The sulphide 
minerals may occur in disseminated or massive form, the critical gnnding size 
for liberation varying between wide limits, For example, the ores of the 
Tri-state lead-rinc district, in general, are crushed to jigging size; graviW 
concentration, supplement^ by flotation of the fines and of the reground mid¬ 
dlings, affords satisfactory results; whereas by way of contrast, in the Sullivan 
concentrator in British Columbia, extremely fine grinding for all-flotation is 
necessary for satisfactory results. 

BoNKE Tebrb Mill, St. Joseph Lead Coupany, Bonne Terre, Mis- 
gouRi.—The Bonne Terre mill was the first ore-dressing plant built by the 
St, Joseph Lead Company, the present building having been erected iri 1883. 
It has been the policy of the company to make changes in equipment and prac¬ 


tice as necessary to keep me plant tnorougniy moaern in every respect. i 
Bonne Terre mill has a daily capacity of 2600 tons and is representative of 
practice in other mills of the St. Joseph Lead Company in this district with a 
total capacity of 21,000 tons per 24 hours. 

The economic mineral galena is disseminated in a gangue of magnesian 
limestone or dolomite. It is also associated with a little pyrite, marc^ite, 
chalcopyrite, and sphalerite, and the ore contains a negligible amount of silver. 

Briefly, the treatment scheme consists of crushing the ore dry to approxi¬ 
mately 94 per cent through 14 mesh, hydraulic classification of the crushed ore, 
and concentration of the classified sands by tabling and of the slimes by flota¬ 
tion. Coarse sand tailings from roughing tables and middlinp from finishing 
tables are reground in a ball mill and fed back to the head of the concentration 
circuit to be reclassified and re-treated. 


TABLE 82.— D18TR1B0T10K AND 8I2INO TESTS OP KILL PRODUCTS, BONNE TERRE 

MILL 
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( 9 t Conveyor No. 2 A 


Table 82 summarises significant data on the distribution of the intermedi¬ 
ate and final mill products and also includes particle-^ze data to illustrate the 
comminution-concentration relationships. 
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Flo. 217a.—Flow ebeet. Bonne Terre miU, St. Joseph Lead Company. 


Table concentrates average from 75 to 82 per cent lead, and flotation con¬ 
centrates average from 74 to 77 per cent lead. The ratio of concentration is 
27 into 1. Water required is 8.9 tons per ton of ore. 

Further details of the treatment scheme may be followed in Figs. 217c and 
2176 and in the following notes on the flow sheet. 
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1 Mine skips, 2| tons capacity. From mine; dump directly into chute 
feeding 2. 

Primary gyratory crusher. Maximum feed sise of rock, 18 by 24 by 
36 inches. Product, 30 per cent on 3*inch sise. Feed rate, about 105 tons per 
hour. From 1; delivers to 3. 

3- One 24-inch conveyor, incbned 20 degrees, length 354 feet, speed 393 
feet per minute. From 2; delivers to 4. 

4. One 4* by 7*foot double-deck vibrating screen. Openings, 2 inch and 
H inch, on upper and lower decks, respectively. From 3; delivers oversiae of 
both decks to 5 and undersiae to 6. 

6. Four secondary gyratory crushers; two operating full time, one 20 per 
cent of full time, and one .•vpare. Crusher discharge, 6.6 per cent on 1.05-inch 
siae. From 4; deliver to 6. 

6. One 24-inch conveyor, inclined 17 degrees, length 205 feet, speed 310 
feet per minute. From 4 and 5; delivers to 8. 

7. Merrick weightometer. This is an integral part of 6, 

8. Surge bin, 90 tons live capacity. From 6; delivers to 9. 

9. One 24-inch conveyor, horiaontal. length 53 feet, speed 276 feet per 
minute. From 8; delivers to 10. 

10. One 30-inch conveyor, inclined 20 degrees, length 182 feet, speed 
565 feet per minute. From 9, 13, and 17; delivers to 11. 

11. One 30-inch conveyor, inclined 20 degrees up to screens, then hori¬ 
aontal, total length 235 feet, speed 522 feet per minute. From 10; delivers 
to 12. 

12. Twelve St. Joe vibrating screens. Screen cloth 33 by 84 inches, 
with 0.095-mch openings. From 11; deliver oversiae to 13 and undersiae 
to 14. 

13. Two 54- by 24-incb crushing roll units, circulating load 500 to 600 per 
cent of new feed- From 12; deliver to 10. 

14- Conveyor No. 5. 24 inches wide, horiaontal, length 79 feet, speed 
504 feet per minute, followed by conveyor No. 6, 24 inches wide, inclined 20 
degrees, length 88 feet, speed 458 feet per minute. From 12; deliver to 15. 

15. Sampling plant- Discharge from conveyor No. 6 is sampled by cutters. 

From 14; delivers to 16. , ^ . 

16- One 22-inch conveyor, inclined 22 degrees, length 246 feet, speed 
276 feet per minute. From 15; delivers to 17. 

17. One 36- by 60-incb vibrating screen. This screen serves as a scalping 
screen and removes trtmp oversiae passing 12 owing to defects in screen. 
From 16; delivers oversiae to 10 and undersiae to 18. 

18. One 22-inch conveyor, horiaontal, length 245 feet, speed 275 feet per 

minute. From 17; deliver to 19. . ^ ^ ... . , 

19 Mill section bins. The concentration division of the mill is dmaea 
into three sections, and full tonnage may be milled in either two or three sec¬ 
tions Gravity tailings obtained when using two sections, at 1200 tons each, 
are higher in lead than when using three sections at 800 tons each. From 18; 

deliver to 20. , c j xu • 

Data following are ^ven for one section only, except as specined otherwise. 

20- Steel pan-type ore feeder with adjustable arc gate. From 19; delivers 

21 One 6-inch sand pump. Water added to ore to give pulp of 25 to 
30 per cent solids. From 20, 23, 27, 28, 34, and 35; delivers to 22. 

22. Delano hydraulic deslimer. From 21; delivers spigot to 27 and over¬ 
flow to 23. 
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!!■ 23, 31. 

eooo feet fro. plant. 

^™M,^I^mp^for*dreu1Sing*water recovered from aettUng pond. From 25; 

'^^'*27™O^e"’20^p4*ot*”s?*^joe hydrauUc classifier, ^m ^2; delivers to 
28 (apigots 1 and 2 to table X; spigots 3,4, and 5 to tabh 2; spjgoU | 7, 
table 3; and spigots 9, 10. and 11 to Uble 4) and to 29 (spigots 12 to 20 each 

feed one finishing table); overflow to ^ 

28 Four roughing tables. From 27; deliver concentrates to 30, pnmarj 

middlings to 21, and secondary middlings to 34. 

29. Nine finishing tables- From 27; deliver concentrates to 30, middlings 

to 34, and tailings to 36. i «« .i i* . oi 

30. One 2-mch centrifugal pump- From 28 and 29; <^cUvm to 31. 

31. One dewatering drag-belt classifier, for all sections. From 30 and dd. 
delivers dewatered concentrates to 32 and overfow to 

32. One 16-inch conveyor for ail sections, inclined 20 degrees, length 270 

feet, speed 125 feet per minute. From 31; delivers to 33. , . , 

33 One 4- by IX-foot filter, for all table coDcenUates. Lead cake con¬ 
tains 2 to 3 per cent moisture- From 32; delivers lead cake to concentrate 

storage bin and filtrate to 31. ^ . . oe j 

34. One dewatering wheel. From 28 and 29; debvers sands to 35 and over- 

One fi- by 4-foot ball mill- Feed to ball mill is 13.8 per cent tlir<mgli 
65 mesh; product is 41-2 per cent through 65 mesh- From 34; delivers to 21. 
Data allowing are for entire mill. j j r * 

36 Two 4-inch centrifugal sand pumps. From 29 and 38; deUver to d^ 
37. One Delano hydraulic deslimer. From 36; delivers spigot to 39 and 

overflow to 38. ... , , ., 

38 One sand trap, removing coarse material due to choke-up or other 
interruption. From 37; delivers sands to 36 and overflow to 24. 

39. Two 6-inch centrifugal sand pumps in series. From 37 and 45; deliver 
tailings to 40. 

40. Tailings storage pond. 4500 feet from mill. From 39. 

41. One 6-inch centrifugal slime pump. From 24 and 46; delivers to 42. 

42. One 10- by 6^foot surge tank. From 41; delivers to 43. 

43. One seven-way cone-shaped stationary distributor. From 42; delivers 
to 44. 

44 . Seven St. Joe flotation machines, 36 feet long. Rougher concentrate is 
15 to 18 per cent lead. From 43; deliver concentrates to 46 and tailings to 45. 

46. One 4-inch centrifugal slime pump. From 44; delivers to 39. 

46. Seven St- Joe flotation machines. 12 feet long. From 44 and 50; deliver 
concentrates to 47 and middlings to 41. 

47- One 3-inch centrifugal concentrate pump. From 46; delivers to 48. 

48. One St. Joe flotation machine. From 47 and 49; delivers concentrates 
to 49 and middlings to 50. 

49. One St. Joe flotation machine. From 48 and 50; delivers concentrates 
to 51 and middlings to 48. 

50. One St. Joe flotation machine. From 48; delivers concentrates to 49 
and middlings to 46. 

51. One 3-inch centrifugal concentrate pump. Prom 49; delivers to 52. 
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52. One SO'foot concentrate thickener. From 81 and 55: delivers under • 
flow to 53 and overflow to 25. 

53. One bucket elevator. From 52; delivers to 54. 

54. One 11^ by 12'foot drum-type filter. Cake averages 12 to 14 per cent 
moisture. From 53; delivers cake to 56 and filtrate to 55. 

55. One 2-inch centrifugal filtrate pump. From 54; delivers to 52. 

56. One 6-inch conveyor, horisontal^ length 36 feet, speed 100 feet per 
minute. From 54; delivers to 57. 

57. One 20-foot by 36-inch rotary drier, natural-gas fuel. Dried concen¬ 
trate contains 5 to 6 per cent moisture. Filter and drier operate only about 
40 per cent of total operating time, handling 5000 to 11,000 pounds per hour. 
Prom 56; delivers fine flotation concentrates for smelter. 

Flotation reagents added per ton of flotation plant feed are as follows: aero- 
float No. 31,0.05 pound; cresylic acid, 0.16 to 0.25 pound; and sodium cyanide, 
0.015 to 0.02 pound. 

Table 83 ^ves some interesting figures on the distribution of power con¬ 
sumption between the various mill departments. The figure of 8.7 per cent 
for conveying in the dry-crushing operations should be noted and correlated 
with the flow-sheet conveyor data, as it illustrates practice in flat-site mills 
such as are common in Missouri. 

TABLE 83.— niSTRIBITTION OF POWER CONSUMPTION IN BONNE TERRE KILL 

Pfr Cinl o< 

DirWM. Toul Power. 


Dry cruebins’ 

Cruih^n Ahd toUi 

. SS.S 


Convflyon. . 

. 0.7 


Scrt«n« . 

MuetllAMWw* 

1.0 

o.s 

04.0 

W«t crinStnc' 

8411 . 

IS.3 

Puna*. 

. 7.8 



. j .0 

80.0 

T4bUne . 


S.7 

P1ot4tlQn . .... 

Qr4vil^ con«*filr4(« di»a«44i. 

Orftvil/ UiliAS diapoMi . 


10.0 

s.o 

18.7 

■ 9 

Wgttr tupplr . 

LixtHtBf . 

Toul. 

. 

8.7 

750 


Tri-8tate ZtNC-LEAD Ores.—T he Tri-State district is the largest zinc- 
producing field in the United States. The following description of ores of this 
district is taken from the very comprehensive paper enritled “Milling Prac¬ 
tice in the Tri-state Zinc-lead Mining District,'' by Burris, Anderson, and 
others.* 

The ore minerals consist’essentially of sphalerite and galena, fairly coarsely crystal¬ 
line. The gangue material, aride from Uie barren rock, which U mostly chert, consists 
of jasperoid and also small amounts of calcite, dolomite, marcasite, pyrite and occasion¬ 
ally chalcopyrite and enar^te. Aride from the chert and jasperoid, the gangue 
minerals do not usually offer any metallurgical problems on account of the very small 
proportion present. Occasionally, however, there is su fficient pyrite or calcite present to 
lower the grade of concentrate materially. ^ ^ i . 

Ores of the breccia type containing abundant jasperoid, locally called black rock, 
are most common throughout the Picher field. In much of the ore, the zinc and lead 
minerals are intimately mixed with the jasperoid. Such ores are locally r^erred to as 
“chatty" and are much more difficult to recover than when little jasperoid is present 
and the ore minerals are merely adhering to the chert. The latter ores are called 
"free-milling." 

' Tramactioru of the Ameruan ImfituJt of Mining ««d MelaUurfieal Eriffineero, w>l. U2, 
p. 864. 1934. 
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The f«e.mming ores 

the chert or m the bwdw cootem^reDeously m „y,^ng 

fcs s 

crushiog often make* the aeparatioo atiU more diincuit. 

Large jiga of the Kara type Mth five, mx, and seven cells were <»«pnally 
the only concentrating machines used on Joplin ores. Later 
the Wilfley type were gradually added to the flow sheet to added «cov- 
el^ sandl, and finally flotation was introduced for the sh^ 

Although there are some modifications, the general mill scheme of the ^tnct 
today includes the follo\snnf steps: (1) reduction of the ore by cijsbers and 
rolls to a 8i« varying from | to * inch; (2) removal of fine sand and ^hmes by 
desliming apparatus; (3) rougher )igon deslimed fe^, makingl<^-concentra^ 
discharge, middling discharge, anc-concentrate dischar«, hutches, and tail¬ 
ings: (4) cleaner jig on hutches of rougher jig, making lead^concenirate dis¬ 
charge, zinc-concentrate discharge, middlings discharge, lead and nnc hutch 
concentrates, hutch middlings, and twUngs; (5) recrushing of rougher and 
cleaner jig middlings by rolls and jigging of crushed product on chate or sand 
jig making sine hutch concentrates, hutch middlings returned to the cleaner 
jig, and tailings; (fi) sising of the various jig tailings to make oversize to waste 
and undersize to be classified into sands and slimes; (7) tables for sands from 
original ore and from jig tailings, making lead concentrate, zinc concentrate, 
and waste tabling; (8) flotation of all slimes to make lead concentrate, zinc 
concentrate, and waste tailing. 

Flotation makes it possible to retreat old tilings at a profit, and these tail¬ 
ings plants now account for a considerable proportion of the zinc concentrates 
produced in the district. They yield mainly rinc concentrates, as the lead 
was mostly recovered in the original mills. These old tailings are either sent 
irect to jigs or are first recrush^ in rolls before jigging. The jigs reject much 
barren material as waste tailings and leave a residue which is an enriched mid¬ 
dling product to be recrushed in rolls. Some mills send the recrushed jig 
product to tables which yield finished concentrates and waste tailings and abo 
middlings to be reground for flotation. Other miUs omit the tables and regrind 
the enriched product of the jigs in ball milb to flotation size, Flotation makes 
finished concentrates and tailings. All slimes are carefully collected and thick¬ 
ened to join the feed to flotation. 

A special nomenclature exbts in thb district. “Dirt” or “mine dirt” 
means original ore. * ‘ Smittem'' means the hu tch product of the jig. ‘ * Chat s * ’ 
may mean idlings or often refers to included grdns. An ore is said to be 
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^’chatty" when it contains considerable finely disseminated mineral which is 
not liberated by the roll crushing and consequently forms a large middling 
product of included grains in the jigpng operation. A “chat” discharge or 
“chatter” on a jig is the automatic dischai^ for drawing off included grain 
middlings. The “chats pile” is the mill tailings dump. 

The general practice of the district is to operate a mine on a lease involving 
payment of royalties by the mine operator to the landowner which are based 
on the value of the mill concentrates. Thb has usually meant an individual 
mill on every mine lease- Some^mes an idle mill on a neighboring property 
might be employed- Mill tonnages have been relatively small but are grad¬ 
ually increasing, avera^ng 25 to 30 tons per hour about 1920, and 40 tons in 
1928. By 1934 capacities of 50 tons per hour were common and a few mills 
bad gone up to 75 tons per hour and even higher. 

A recent innovation is the erection of central milling plants each treating 
ores from several mines, sometimes on a custom milling basis. It has been 
found possible by a system of careful sampling and accounting to determine 
the value of the product belonpng to each mine for computing the proper 
royalty. The Eagle*Picher Central mill represents the latest and largest step 
in this direction and is described in the followingsections. 

Eagle*Pichbr Cektral Millino Plant, EAOLe-PicHER Mining and 
Smelting Company, Picher, Oklaboua. —The Eagle-Picher Central mill 
treats 225 tons per hour of lead-zinc ore from various mines of the Eagle-Picher 
Mining and Smelting Company in the Tri-state district. These ores are col¬ 
lected and transported to the mill from 350- or 500-ton bins, locally called 
“field hoppers,” each mine shaft in the field having a hopper. Each lot of 
350 or 500 tons is handled separately through the transportation, weighing, 
storage, primary crushing, and sampling stages, and a special control system 
is used in the various stages to insure the correct movement of each unit and 
to maintain automatically a close check on all ore movement at all times. 

The rather unusual conditions in this district, namely, the distribution of 
small mines on individual leases through the district, the low quantities of ore 
reserves per mine, and the geolo^cal nature of occurrence of the ore are 
reflected in the design of the mill. The capacity, equipment, and flow sheet 
were carefully chosen to obviate the possibility of early scrapping of the mill 
because of ore depletion or other changes in conditions. Certain parts of the 
mill are sectionalized, and the whole setup is arranged for maximum flexibility 
compatible with treatment efficiency and economy. 

The mill flow sheet is given in Hgs. 218a, 21^, and 218c, and details are 
given in the following: 

Primaiy 8^fnpli7\g, and Secondary Crusftin(i.—1. Ore cars, 50- 

ton standard-gage side dump or 60-ton standard-gage hopper bottom. From 
field hoppers; deliver to 2. 

2. Automatic recording scales. From 1; deliver to 3. 

3. Five 500-too subsurface hoppers. Discharge gates automatically 
controlled by interlocking mechanism, to prevent mixing of separate lots of 
ore. From 2; deliver to 4. 

4. One 48-inch steel pan feeder. From 3; delivers to 5. 

5. One seven-roll grizzly, 3-inch openings. From 4; delivers oversize to 
6 and undersize to 7. 

6. Two 36-inch Webb City jaw crushers. From 6; deliver to 7. 

7. One 36-inch belt conveyor, 310 feet long. From 5 and 6; delivers to 8. 

8. Automatic sampler. Cuts entire stream 6 seconds each minute. 
From 7; delivers sample cut to 9 and reject to 21. 
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9. One 36-mch belt conveyor, 62 feet 10 inches long. From 8; deUvers 

\°6. Five 80-ton sample hoppers, each corresponding to one ^°PP" ^ 
Gates automatically controll^by interlocking mechanism as in 3. From 9, 
deliver to II. 

PRIMARY CRUSHING,SAMPLING AND SECONDARY CRUSHING 
(|>Or|Cars 

12) Recor|kngScali 


les 


(3) $ub>surfece Hoppers 
U) Pan^ Feeder 
<51 RoU Grizzly 


Gve^sae 
161 Jaw ^Ovshers 


(201 Conveyor No. 3 


1 


121) Shuttle 
Conveyor 


Undersize 


17) Conveyor Mo. I 
( 6f Synpli-No.! 

* 90 ^ercen< 


10 Percent 
191 Conv^eyor No. 2 
(10) Samole Hoppers 
(l(J Beltjreeder 
(12) JewjCrusher 
113) Sampler No. 2 


122) Storage Hopper 

123) Belt Feeders 
1241 Conveyor No. 4 



(25) Surge Hopper 
126) Belt Feeders 
1271 Vibrating Screens 

I 


Oversize 
t BelfVeeders 


10 Pi rceni 


90Percem 


(14) Elevator 
{151 Vibrating Scre en 

Oversize Unc^i 
161 Ry lls {|7)SamgJff_No.3 

10 F^ercent ^Percent 


jze 


(16) Rolls 
(19) SampUf No. 4 

10 f^cent 90jPercent 

Sample to 
Laboratory 
OOlX of Ore 


n9\ Syrrtens Cone Crusher ^ 

' (301 ConveiforNo.? Ssftds 


Undysize 

(32) Drag 
Deslimers 


wNo./ Overjiow 

OJI ConveyorNoB^SS) Conveyor To 

\ No. 6 Gnnding 

134) M»ll Hopper Flotation 
To Coarse 64 
Sand 

Concentration 

3S 


Fta. 2l8a.—Flow sheet. Eagle Picber eeatrd milliog pleat. 


11. One SS-inch belt leeder. From 10; delivers to 12. 

12. One 24-inch Webb City jaw crusher. From 11; delivers to 13. 

13. Same as 8. From 12; delivers sample cut to 14 and reject to 20. 

14. One 12-iDch bucket elevator. From 13 and 16; delivers to 15. 



COARSE SAND CONCENTRATION 
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From 14; delivers 


16. One 4- by Moot vibrating screen, 1-incb openings, 

nvprsize to 16 and nndersiae to 17. . 

^ 16. One set 36-mch hi-speed roUs. From to 20 

17. Same as 8. From 15; delivers sample cut to 18 and reject to 

OfUNDINO AND FIOTATION 


(64 Mester Ore^ Clessrtieri 


Sands 

(65) Ele^or 
(66) Feed Hopper 

(67) Fod ders 

(68) Bel Mills 
(69) Classifiers 


Ov^lew 
(70) Thrweners 


Underflow 


(71) Pi 


mps 


Ov^low 
To JiN F^d 


L±3 


ds 


O^low 


(72) Elevator 


(7 3) Orae Classifier 

Saidi O ^km \ 

^ (74) Ktnerals Separatiori Load 
Rougher notation Machine 


Cencentr atee 
(75) Elevator 


T«l 


1 


(li 


(TSlSub^aeratiofi Lead Cleaner 
RetatiCA MacNne 


Mi^ dlingt "tSi 


Cone. 


(77) American 
FiltY 

(46) Lead Bin 


To Lead Smetter 


(7^ Sump and Pump 
(79) Divider 


(80) Subeeration Zinc Rougher 
Flotahen Machines 


Mid«n^ Cone 

-* ($1) Elevator 

t 




(8 2) Sub'aeration 
Zinc Cleaner 
Fletaticn Meehine 


(87)M.S. Scavenger 
Flotation Machine 
T 


f 


Taihnis 

Tejny cjnc. Midj lirty^BaiSampler 
^ * (89) Piimp 


Cone. 


Final Flotation Tailings 


(83) Elevator 

(84) Amoncan 

niters 

(85) Conveyor 

(86) Storase 
Ho^er 

To Zinc Smelter 

Fio. 2l9c .—Flow sheet (eeiUtnued). Escle Picber eestral millias plant. 

18. One set 18-incb hi-speed rolls. From 17; delivers to 19. 

19. Same as 8. From 18; delivers sample to laboratory and reject to 20. 

20. One IS-inch belt conveyor. From 13, 17, and 19; delivers to 22. 

21. One SO-inch reversible shuttle conveyor, 48 feet long, for distributing 
ore to any point over entire length of storage hopper. From 8; delivers to 22, 
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22. One 6000-ton storage hopper. From 20 and 21; delivers to 23. 

23. Five 36-inch belt feeders. From 22; deliver to 24. 

24. One 30-inch belt conveyor, 312 feet 4 inches long. From 23: delivers 
to 25. 

25. One 75-ton surge hopper. From 24 and 31; delivers to 26- 

26. Four 42-inch belt fevers, each feeding one of 27. From 25; deliver to 

27. 

27. Four 5- by 10-foot Robins vibrating screens, -fr'inch openings, From 
26; deliver oversiae to 28 and undersise to 32. 

28. Two 24-inch belt feeders. From 27; deliver to 29. 

29. One 7-foot Symons short-head cone crusher. From 28; delivers to 30. 

30. One 30-inch belt conveyor. From 29; delivers to 31. 

31. One 30-inch belt conveyor. From 30; delivers to 25. 

32. Two 30-inch double drag-belt deslimcrs. From 27; deliver sands to 
33 and overflow to 64. 

33. One SO-inch belt conveyor, 205 feet 4 inches long. From 32; delivers 
to 34. 

34. One 1200-ton mill liopper. From 33; delivers to 35. 

CoarH-Sarid ConcerUraliim. —35. One 42-inch belt feeder. From 34; 

delivers to 36. 

36. One eight-way revolving jig feeder. Normal tonnage at this point is 
5600 tons per 24 hours. Prom 35; delivers to 37. 

37. Eight four-cell 42- by 4^inch ^ndelari di^hragm jigs. Chatter 
product from cell 1 may go either to 39 or to 40. From 36; cfcUver hutch 
product or smittem to 39, chats to 40, and Uulings to 38. 

38. Same as 37. From 37; deliver hutch and chats to 40 and tailings to 61. 

39. One 24-inch drag-belt dewaterer. From 37; delivers smittem to 41 
and overflow to 64. 

40. Two 24-inch drag-belt dewatcrcrs. From 37 and 38; deliver chats to 
50 and overflow to 64. 

41. One 30-inch bucket elevator. From 39 and 42; delivers to 42. 

42. Two .seven-cell, 42- by 42-inch Bendelari diaphragm jigs. Hutch 
products of cells 1 to 3 are lead concentrates; those from cell 4 arc returned for 
rejigging; and those from cells 5 and 6 are sine concentrates. From 41; 
deliver lead concentrates to 43, sine concentrates to 47, middlings to 41, and 
tailings to 55. 

43. Lead-concentrate bucket elevator. From 42; delivers to 44. 

44. Dorr rake dewaterer. From 43; delivers concentrates to 45 and over¬ 
flow to 64, 

45- One 14-inch belt con>'eyor. From 44; delivers to 46. 

46. Lead-concentrate bin. From 45 and 77; delivers to railroad cars to 
smelter. 

47. Zinc-concentrate bucket elevator. From 42; delivers to 48. 

48. Drag-belt dewaterer. From 47; delivers concentrate to 49 and over¬ 
flow to 64. 

49. Zinc-concentrate bin. From 48; delivers to railroad cars to smelter. 

50. Two 30-inch bucket elevators. From 40 and 53; deliver to 51. 

61. Two 6- by ^foot vibrating screens, -A-inch openings. From 50; deliver 
oversize to 52 and undersize to 54. 

52. Two sets 54- by 24-inch hi-speed rolls. From 51; deliver to 63. 

53. Two drag-belt deslimers. From 52; deliver sands to 50, and overflow 
to 64. 

54. Six flve-cell 42- by 42-iiich Bendelari diaphragm jigs. From 51; deliver 
butch products to 55, chats to 56, and tailings to 61. 
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55 . One 24-inch drag-belt dewaterer. From 42 and 64; delivers sands to 
and overflow to 64. 

56 One 24-inch bucket elevator. From 64 and 58; delivers to 5^ 

6?; One 6- by 10-foot vibrating screen, 2 J-mUliineter openings. I'tom no, 

delivers oversiae to 68 and undersise to 59. * ra 

68. One set 64- by 24-inch hi-sp^ rolls. From 57; delivers to 56. 

59. One 24-inch drag-^lt dewaterer. From 67; delivers sands to 60 and 

sLx-ceU 48- by 48-inch Cooley-type jig, equipped level cells 
and DeMier mechanical rake. From 69; delivers concentrates to 65 and tail- 

^*^^61? Two 30-inch double drag-belt dewaterers. From 38, 54, and 60; 

deliver sands to 62 and overflow to 64. 

62 One 24-inch belt convwor. From 61; debvers to 63. 

63. Automatic sampler. From 62; delivers to waste. 

Orindxna and Flotaiion.-M. Two 24-inch master drag-belt claasitiers. 
From 32, 39, 40, 44, 48, 53, 55, 59, and 61; deliver sands to 65 and overflow 

^ 66 One 30-inch bucket elevator. From 65, 60, and 64; delivers to 66. 

66. One 110-ton ball-mill feed hopper. From 65; delivers to 67. 

67. Feeders- From 66; deliver to 68. . „ .ii j 

68 Two 6-foot Cole ball mills, one 8- by 6-foot Marcy ball mill, and one 
6-foot Allis-Chalmers ball mill. From 67, 69, and 73; deliver to 69. 

69. Classifiers, in closed circuLU with 68. From 68; deliver sands to 68 

and overflow to 72. ,, , i i« 

70- Four 65-foot thickeners and one 100-foot thickener. From 64; deliver 
underflow to 71 and overflow to mill pond. 

71. Diaphragm pumps followed by Wilfley pumps in senes. Prom 70; 
deliver to 74. 

72. One 24-inch floUtion-feed bucket elevator. From 69 and 76; delivers 

73. Drag-belt classifier to remove tramp oversiae. From 72; delivers 

sands to 68 and overflow to 74. . 

74. One l&-ccll Minerals Separation flotation machine. From 71 and 
73; delivers lead concentrates to 75 and tailings to 78. 

75. Concentrate elevator. From 74; delivers to 76. 

76. One eighth cell Denver subaeration flotation machine. Feed enters 
cell 3; froth from cells 3 to 8 returned to cell 1. Cells 1 and 2 give final lead- 
concentrate froth. From 75; delivers lead concentrates to 77 and tailings 
to 72, 

77. One six-disk 6-foot American filter. From 76; delivers lead cake to 46. 

78. Sump and Wilfley pump. From 74 and 87; deliver to 79. 

79. Feed divider. From 78; delivers to 80. 

80. Two 16-cell Denver subaeration flotation machines. Froth from cells 
11 to 16 return^ to cell 2 on each machine. From 79 and 82; deliver zinc 
concentrates to 81 and tilings to 87. 

81. Concentrate elevator. From 80; delivers to 82. 

82. One lO-cell D^ver subaeration flotation machine. Froth from cells 
$ to 10 returned to cell 4. Tmlings fed to $0, cell 2. From 81; delivers zinc 
concentrates to 83 and tailings to 80. 

83. Concentrate elevator. From 82; delivers to 84. 

84. One 18-disk 6-foot American filter. From 83; delivers zinc cake to 85. 

85. One 14-iixch belt conveyor. From 84; delivers to 86. 

86. One 120-toD storage hopper. From 85; delivers to smelter. 
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87. One 8ixH:ell Minerals Separation flot&tion machine. From 80; delivers 
concentrate to 78 and tailings to 88. 

88. Automatic sampler. From 87; deb vers to 89. 

89. Wildey pump. From 88; delivers to waste. 

Mill Data .—While ores from different mines vary somewhat in richness, 
the figures in Table 84 on proportional weights of pr^uct and distribution of 
values among the various pr^ucts are representative. Likewise the assays 
shown in Table 85 for the various products are good average figures. 

Table 84.— relative weights op products and distribution op values 

IN EAGLE*PICBER CENTRAL MILL 



P«f C«n( 

Pm C«Qt of TotftL 


Wniht. 

L«4d. 

Zioe. 

Mj)| . 

1<M fiO 



jjg ImJ eooe«nir*tM . 


73.1 

0.2 

lij linQ coAMAirtCM . . 

1 4 10 

8.3 

39.3 

VlAraSiAte .... ^ . 


81 6 

0 3 

VlAtariAn AltA CABfABtP&UB.-. 

1 .M 

0.6 

23.9 

FintJ jic Uihcica. 

M.80 

1.9 

14.7 

Fiftd Ooucioa l*Uinp . 

23.99 

0.7 

2.4 


The total recovery of lead in the lead concentrates is 94.7 per cent, and 
the total recovery of sine in the tine concentrates is 82.4 per cent. 

TABLE 85.— AVERAGE ASSAYS FOR EAGLE-PICHER CENTRAL MILL 
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While designed for a capacity of 5000 tons the mill actually handles 6500 
tons per 24 hours, and the total labor requited to handle this tonnage is 80 


men. 


The success of this mill has led to its enlargement to bring the daily capac¬ 
ity up to 10,000 tons. A Wuensch differential-density unit, treating 425 tons 
per 24 hours, has been added to take out coarse barren waste ahead of the 
jigs. This relieves the load on the jigs so that no additional jig capacity 
was required as contrasted to the grinding, flotation, and other divisions where 
the number of machines was practically doubled. 

CoBUR d^Albnb District Lead*zikc Ores. Hecla Mining Company, 
Gem, Idaho.— The Hecla concentrator is a combined gra\'ity and flotation 
mill and will illustrate Idaho practice in gravity-flotation flow sheets, which 
shows some important differences from the Tri-state practice, p^icularly m 
the gravity-concentration system used. The Hecla ore is a silver^faeanng 
lead-zinc ore, the mill feed averaging about as shown in Table 87. The vem 
matter is crushed and sheared quartzite with some tiderite and a small quantity 

^ ^jS*^rimental tests of an all-flotation procedure showed that all-flotation 
would give higher grade concentrates, higher milling costs, and probably 
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iower over-all extraction than the present procedure. Al^ the 
tract definitely favors the production of coarse concentrates by hand sorting 
and jS Mr. W. L. Bigler, the mill superintendent, h*^ 
opinion^at gravity concentration wUl not be discarded during the Ufe of the 

Hecia mine.* 

CRUSHNO AND SORTING PLANT 

(0 Mim^ Skips 
(2) Tippta Bin 
(SI ShftdmOnuly 


Ove^se 
(4) Jaw Crushtf 


Under&ire 


(5) Inclined C^onveyor 
(SJ ^incti Grizzlies 


fertile 

(B) Roll Feeders 


Oveme 


— } 

Undersize 

Vibreting Screens 


Undwtize 


Shipping Ore 


J 

StfTmt BilH 


Waste 


Fine* 


Miiiin^Ore 


Slimes 

(13) Thckener 
(14) Oliver jilfer 


( 12 ) Oetaasaher ( 10 ) Jay Cfcsher 


Stodi 


(ID Shuttle Conveyor 


(1$) bL 

(16) Railro|d Cars 

To Concentrator, 17 

Fie. 319a.—Flow abeet. Heda Minins Company. 


The capacity of the mill is 900 tons per 24 hours. The flow sheet is given 
in Figs. 219a and 2196. The crushing and hand-sorting plant is located at the 
mine, and crushed mill feed is hauled 2 miles from this plant to the concentrator 
proper. The flow sheet is rather involved, mmnly because of the relatively 
elaborate ji^ng system, but its interpretation becomes rather simple when the 
underlying principles are understood. Accordingly, instead of adopting the 
form used in explanation of other flow sheets in this chapter, it seems more 

* In 1938 this mill was remodeled ioto an all-flotatioa plant. The change was warranted 
largely because of the finer dissemination of the ore founa at increased depths in the mine. 




Flo. 2196.—Plow iboot (wnKiwerf), Hod# Minin# Compnay- 
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a'^'S^-The ore U hand-picked after eoa:^.crashing to 
ftbout 5 in^es both high-grade shipping ore and clean waste being 
h^m tM^ng ore at the^me time. He picked shipping o« ^ays about 
50 per cent lead and 28 ounces silver per and, m bulk, is about half oI t 
weight of concentrate produced by jigging and 
jusUfied in this plant by the savings in transportation cost 
by affording a means of increasing the tonnage of mine ore 
iiwreasine the tonnage going through the mill, and by the rdative cheapness 
of recovery of the shipping ore in comparison with ite probable recovery cos 

T^TIecIa flow sheet Is an excellent example of the practice of 
jigging closely sised feed- Har* jigs are used throughout, and ewh 
inth material of uniform si*e, the coarsest f^ 30 to 18 
to 12 millimeters, 12 to 7 millmeters, 7 to 3 mi limeUrs, and 3 
to 10 mesh (1 nullimeter), respectively. Jig middlings m each stop are subjec¬ 
ted to further crushing and resising before roconcentration. 
of the coarser middlings is accomplished by rejigging and that of the hner 
middlings by flotation. These relations will be brought out by a cwful. study 
of the flow sheet. Final lead concentrates are produc^ frorn 30 -jndUmeUr 
size down to 16 mesh, but no final tailings are discarded by Jigging, iable 8b 
gives data on the various jigs used. 

TABLE 86.—DATA ON JIOS IN HECLA MILL 
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Down to 3-millimeters sise the concentrates are withdrawn from the cup 
discharges of all but the last jig compartment in each case, the discharge of 
the last compartment furnishing the middling product. A large portion of the 
concentrate is hutched in the fine jigs (40) concentrating the Ifi-mesh feed; the 
sieves on these jigs are bedded with 12 -milUmcter concentrate from the coarse 
jig. Concentrates are produced in the first two compartments and middlings 
in tbe last two. 

Flotaiion .—Flotation is used for three purposes in three separate circuits: 
(1) flotation of primary slimes, (2) flotation of reground jig middlings, and 
(3) flotation of reground jig tailings. 

The primary slimes, which are the slimes produced in all tbe crushing 
operations, both preliminary to, and in connection with, the jigging steps, are 
separated from the undersise of the final sising screen {16 mesh) by a V-iank 
deslimer (42). These slimes average about 95 per cent through 200 mesh. 
After being thickened to 40 per cent solids, the slimes are fed to tbe third cell 
of a 10-cell 18-incb Minerals Separation subaeration machine (51). Cells 3 
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to 10 overflow rough lead concentrates which are cleaned in cells 1 and 2 of the 
same machine. The discharge from cell 10 passes to waste. Hcagents used 
in this circuit are as follows; soda asb» 1.0 pound per ton; cresylic acid, 0.1 
pound per ton; and aerofloat 25> 0.03 pound per ton (all per ton of slime 
treated only). 

The fine jig middlings, together with the sands from the desUming classifier 
(42), are reground in a ball'mill-classifier circuit (44) and (45) to 70 per cent 
through 200 mesh and then treated by differential flotation to produce load and 
zinc concentrates- The 4S-incb Turbo flotation cell (47) produces a concen¬ 
trate assaying 70 per cent lead without cleaning and recovers 70 per cent of the 
lead in the circuit. The other flotation equipment in this circuit includes two 
eight-cell 18-inch Minerals Separation subaeration machines, one for floating 
lead (48), and the other for floating sine (49). Reagent consumption is as 
follows: Lead circuit; soda ash, 0.1 pound per ton; sine sulphate, 0.3 pound per 
ton; cresylic acid, 0.1 pound per ton; and aerofloat 25, 0.03 pound per ton. 
Zinc circuit: copper sulphate, 0.3 pound per ton; aerofloat 25, 0.05 pound per 
ton; and Barrett No. 4 oil, O.OS pound per ton. 

The jig tailings, after dewatering and regrinding, are treated by flotation 
for recovery of lead only, in eight-ceU 18-inch Minerals Separation subacration 
machines (81). 

Mill Dofa.-^Table 87 summarises the metallurgical results for the year 
1935. 


TABLE 87.—METALLURGICAL DATA, HECLA MILL 
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All-plotatxon Custom Mill. Midvale Mill, United States Smelt¬ 
ing, Refining, and Mining Company, Midvale, Utah.— This is a custom 

E lam, treating ores from many shippers, most of the ore coming from the 
iingham district of Utah. The ores are concentrated by differential flotation 
to pve lead, sine, and iron concentrates. The variable nature and variable 
tonnages of the ores milled require a relatively flexible flow sheet and special 
provisions for ore transfer, segregation and mixing, and handling of the con¬ 
centrate products. These features will be taken up briefly in connection 
with the flow sheet and its accompanying discussion. ... ... 

The ores which are concentrated contain galena, sphalente (marmatitic), 
and pyrite, with variable gold and silver contents. Pyrite is ordinarily the 
most abundant sulphide. The nature of the gangue vanes, quartnte, lime¬ 
stone porphyry, and talcy material all being present m the mill feed from time 
to time. A representative ore from one of the mines supplying a relatively 
large tonnage to the concentrator has the following analysis: lead, 9.5 per cent; 
zinc, 9.0 per cent; copper, 0.25 per cent; iron, 12,0 per cent; insoluble, 40.2 
per cent; sulphur, 19.0 per cent; Ume (CaO), 1.0 per cent; gold, 0.05 ounce 
per ton; and silver, 4.1 ounces per ton. .. . u • 

The production of a pyrite concentrate is favored m this distnct by certain 
economic conditions, as under conditions in other localities the same ore might 
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be concentrated to obtain lead and *mc concentrate only. 
in tWs district as a whole tend to contain an exc^ of silica, and 
ead ble^fumace plant is willing to buy pynte concentrates for Aux. Ihe 
ed gold, and silver contents of the pyrite concentrates are ° 

im^rtance, and may in some cases directly determine whether such a con 

shJt^f&Tdv^e given in Fig. 220 and supplementary 

““^CnisWnp' Planl.—The ore is delivered in stondard-gage 

road cars ^ich drop the ore directly into 1. The normal crushing rate is X25 

75-ton ore bins. These bins are steep-sloped and wlf-cleaning 
for facdity in keeping different ore types segregated. From railroad cars, 

Two 36-inch pan feeders, one for each bin. T^l?^. 
operated simultaneously for mixing two lots of ore, this being the first pro¬ 
vision for ore mixing in the flow sheet. From 1; deliver to 3. 

3. One 30- by Ifi^-inch bucket elevator. From 2; dehvera to 4. 

4. One 36-inch Nelson mechanical grissly, 2-inch openings. bTom d; 

delivers oversiae to 5 and undersise to 6. * * o • i?r«m 4- 

6. One 14-inch Traylor gyratory crusher, set at 2 inches, from 4, 

delivers to 6. - j • j i* * 

6. One 18-inch belt conveyor. From 4 and 5; delivers to 7. 

7. One 16- by 9-inch bucket elevator. From 6; delivers to 8. 

8 Two 4- by 6-foot Hummer screens, i^inch openings. About 40 per 
cent of the ore, or 50 tons per hour, passes these screens as undersiie. i rom 7; 
deliver oversise to 9 and undersise to 16. 

9. One 16-inch belt conveyor. From Sj delivers to 10. 

10. One set 54- by 16-inch rolls, set at 1 inch. Feed rate, 75 tons per 

hour. From 9; delivers to 11. ^ . « j. u 

11. Two 16-inch belt conveyors, delivering discharge from 10 and discharge 
from 15, respectively, to one 18-inch conveyor. The 18-inch conveyor delivers 
to 12. From 10 and 15; deliver to 12. 

12. One 16- by 9-inch bucket elevator. From 11; delivers to 13. 

13 One 9-ton surge bin with drum feeders to two 4- by 5-foot Hummer 
screens, |-inch openings. Undersise 76 tons per hour; oversise or circulating 
load 225 tons per hour (300 per cent). From 12; deliver oversise to 14 and 

undersize to 16. , . - 

14. One 16-inch belt conveyor. From 13; delivers to 15. 

15. One pair 54- by 16-inch rolls, set at f inch. Feed rate 225 tons per 

hour. From 14; delivers to 11. , , 

16. One 18-inch belt conveyor. From 8, 13, and 21 ; delivers to 17. 

17. Automatic sampler. From 16; delivers to 18. 

18. One tripper belt conveyor. From 17; delivers to 19. 

19. Seven 250-ton and one 125-ton capacity feeder bins, two for each 
unit of the concentrator. Five 126-ton capacity transfer bins. This bin 
system gives the operator a flexible means of control of the segregation and 
mixing of the ores prior to grinding and flotation. Each of the concentrator 
sections may be supplied with a different ore or mixture of ores from the tw*o 
feeder bins which head each section. Tbe transfer bins give additional 
opportunity for mixing as described under 20. From 18; deliver to 20 and 20'. 

Grinding and Plotaii ^.—As already mentioned, the concentration division 
is in four separate units, each of which may be operated independently of tbe 
others. The grinding plant capacity is 1600 tons per 24 hours. 
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Tia. 220.—MidTsIa mill. United Stelea Smelting. Refiniag, end Mining Company. 
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20 and 20'. Twenty-seven dnim_ feeders, three for each 25^ton bin and 


one for each 126-ton bin. The feeders 20 from the ei^t feeder bins deliver 
breight 16-inch belt conveyors to 21. The f^ers 20 from the "ansfer 
btas operate as occasion arises to deliver ore from o“e^"'®” ifThp*^re 
to a 16-iiicb belt transfer conveyor 21 which discharges on top of tne ore 
stream on 16. From 19; deliver to 21 and 21'. ^ la. . /- 

21 and 21'. Eight l^inch conveyors 21 and one 16-inch belt transfer 
conveyor 21'. Four of the conveyors 21 deliver to 22 from 20 in regular 
ooeration and four are used whenever It is desired to deliver ore to 27 from 
20. The conveyor 21' discharges to 16 as noted above. This wrangement 
is fieidbly made to allow further mixing in grinding circuit feed if desired. 
From 20 and 20'; deliver to 16, 22, and 27. 

22. Four 5* by 10-foot Allis-Cbalmers rod mills, one per mill section. 

From 21 and 26; deliver to 23. . ^ 

23. Four 2-inch Wilfley pumps. Prom 22; deUver to 24. 

24. Four splitter boxes, two-way. From 23; deliver to 25 and 26. 

26. Four 64-inch Akins classifiers, slope 3 inches per f<mt, speed 64 revolu¬ 
tions per minute. From 24; deliver sands to 22 and overflow to 28. 

26. Two 64-inch and two 60-inch Akins classifiers, slope 3 inches per foot, 
speed 64 revolutions per minute. From 24 and 27; deliver sands to 27 and 
overflow to 28. 

27. Four 6- by 10-foot Allis-Cbalmers ball nulls. From 21 and 26; deliver 

28. Three 2-inch Wilfley pumps and one 3-inch Wilfley pump, From 

25, 26, and 30; deliver to 29. j i* 

29. Four surge tanks, 10-foot, acting as conditioners. From 28; deliver 

to 30. . fl . 

30. Four 12-oeU 24-mch Minerals Separation subaeration notation ma¬ 
chines. Cells 1 to 4 produce final lead concentrates; cells 5 to 12 produce 
middling. From 29; aeliver lead concentrate to 31, middlings to 28, and tail¬ 
ings to 35. 

31. Seven 2-inch and one 3-inch Wilfley pumps, delivering all concentrates 
to their respective thickeners. From 30, 37, 46, and 48, respectively; deUver 
each to 32. 

32. Eight 50- by 10-foot Dorr thickeners for various final concentrate 

E roducts as follows: Lark mine lead concentrates, other lead concentrates, 
ark mine sine concentrates, other sine concentrates, Lark mine iron concen¬ 
trates, other iron concentrates, special concentrates from any source, over¬ 
flow slime of other iron concentrate thickener. The overflow-slime thickener 
delivers by 2-inch Wilfley pump to cell 7 of 40 in secUon 4. The seven other 
thickeners deliver by seven 2-inch Wilfley pumps to 33. From 31; deliver 
to 33 and 40. 

33. Five American filters, 6-foot diameter, 10 leaves each. Each filter 
may operate on one product or some leaves treat one product and the remain¬ 
ing leaves treat another product. The lead cake contains 8 to 8.6 per cent 
moisture, the sine cake 9.6 to 10 per cent, and the pyrite cake 10.5 to 11 per 
cent. From 32; deliver cake to 34. 

34. Five 100-ton capacity concentrate bins. Each bin is divided by a 
middle partition to make in effect 10 bins total. From 33; deliver to smelter 
cars. 

35. Four 3-inch Wilfley pumps. From 30 and 37; deliver to 36. 

36. Four surge tanks, 10-foot diameter, acting as first sine conditioners. 
From 35, 44, and 45; deliver to 37. 
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37. Four 10>eeU Minerals Separation standard flotation machines. Cells 
1 to 3 ^ve final sine concentrates; cells 4 to 10 give middling. From 36; 
deliver zinc concentrate to 31» middlings to 35, and tailings to 3S. 

38. Four 3-inch Wilfley pumps. From 37; deliver to SO¬ 
SO. Four surge tanks, lO-foot diameter, acting as second zinc conditioners. 

From 38; deliver to 40. 

40. Four 8-ceU Minerals Separation subacration flotation machines. 
Zinc middling only is floated. From 32 and 39; deliver some middlings to 41; 
some middlings direct to 42, and tailings to 46. 

41. One 2-inch Wilfley pump. From 40; delivers to 42. 

42. Two 54-inch Akins classifiers. From 40, 41, and 43; deliver sands 
to 43 and overflow to 44. 

43. Two 6-foot by 36-inch Hardinge ball mills for regrinding low-grade 
sine middlings. From 42; deliver to 42. 

44. Two 2-inch Wilfley pumps. From 42; one delivers to 36 in section 
4 and one delivers to 45. 

45. One three-way distributor. From 44; delivers to 36 in sections 1, 2, 
and 3. 

46. Four eight^ell Minerals Separation subaeration machines. From 
40; deliver iron concentrates to 31 and tailings by three 2-inch and one 3-inch 
Wilfley pump to 47. 

47. Eight 6-foot cones, two per mill section. Two cones are used in series 
in each section, giving two spigot products and an overflow product. The 
overflow product is divided in half by a splitter box. This makes four separate 
products per section. From 46; deliver to 48. 

48. Twenty Deister tables. In section 4 there are two tables for each 
one of the four classified products from 47. In sections 1, 2, and 3 there is 
only one table for each of the four products. These produce a small bulk of 
iron concentrate which is added to the Lark mine iron concentrate from flota¬ 
tion. From 47; deliver concentrate to 31 and tailings to waste pond. 

The sectionalized unit feature is essential for successful operation of this 
custom mill. Formerly an elaborate system of bins and mixing was used to 
provide a uniform mill feed for practically the entire mill, but it is now appre¬ 
ciated that better results are obtained by segregating the numerous ores into 
a relatively few classes according to their mineral composition and also accord¬ 
ing to their amenability to flotation so that each class may receive the special 
treatment which has been found to be best suited to it. Not only do the ores 
differ in the relative proportions of lead, sine, and iron which they contain, 
but also ores of similar composition exhibit con^derable differences in flotation 
characteristics. An ore which is difficult to float requires slower and more 
thorough treatment than an easy ore. Before any new ore is treated in the 
mill it is tested out fully in the flotation laboratory to determine its amena¬ 
bility to flotation and to ascertwn the proper fineness of grinding, reagents, and 
other conditions. 


TABLE 88.—METALLURGICAL DATA, MIPVALE MILL 
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It is impossible to give data on the wide ranp of 
38 shows some metallurgical results on a typical lead-sinc-iron o • 

The reagent formula naturally varies for different cl^es of ore, 
following should be considered only as an illustration of the reagents 
IhiiTZ-unU for a common type of ore The figur^ ^ To thi 

mill feed. To the rod mill:0.2 sodium sulphite and 0.4 Republic B mb ^ o ^ , 
dassifiers: 0.10 sine sulphate and 0.08 potassium ethyl xanthate. To *he feed 
tolead celU: 0.8 sodium sulphite and 2.5 powdered gyMum to form c^cium 
^Iphite To the first lead cell: 0.3 sine sulphate. To the sine cells: 0.5 
soc^um sulphite, 1.1 copper sulphate, 0.08 potassium ethyl xanthate, and 
0 4 oil mixture consisting of 60 per cent Republic 19B, 30 per P*,"® °'i 
and 10 per cent cresylic*acid. To the pyrite cells: 0 4 sod-uni sulph.de and 
0 03 Minerec A. At times when there is no iron in the mill water 0.2 pound 

fwous sulphate is added to make up the deficiency. 

The plant is in three buildings: the crusher section; the storage Din, grind¬ 
ing, flotation, and filtering section; and the thickening section. _The building 
are of steel construction with concrete floors and tile walls. The gallery lor 
the inclined belt conveyor (16) connects the crushing section with the second 
section, and a covered passageway for men and pipes leads from the second 

section to the thickener building. _‘ii -tu 

The following figures on labor and power requirements are for the mill witn 
three sections treating upward of 1600 tons per day before the recent addition 
of a fourth section to bring the capacity up to 1600 tons p«r 24 hours. 

The crushing division operates one shift of 8 hours, ^e gnnding and 
concentrating divisions operate three shifts per 24 hours. For the crushing 
plant 10 men are employed: 1 head man, 1 at pan feeder, 1 at screens, 1 at rolls, 
1 cleaning up, and 5 unloading ore. For the remainder of the mill there are 
65 men classified as follows: 1 general foreman, 3 shift foremen,* 1 head repair¬ 



man. 


_ Of these 56 men there are 39 on the day shift and the remainder are 
about equally divided between the afternoon and night shifts. Jobs requiring 
men on all three shifts are indicated by an asterisk in the foregoing list. All 
others work only on the day shift except the watchman at night. 

The total power required in kilowatt-hours per dry ton of ore milled 
was 27.09 distributed as follows: crushing and conveying, 1.51; grinding, 9.15; 
lead flotation, 2.60; sine flotation, 4.78; pyrite flotation, 0.86; tables, 0.25; 
thickeners, 0.48; filtering, 0.69; pumping, 6.15; and water supply, 0.72. 

Massive Sulphide Lead-sinc Ores. Sullivan Concentrator, Con¬ 
solidated Mining and Smelting Company op Canada, Limited, Chapman 
Camp, British Columbia. —The Sullivan concentrator treats daily 6000 tons 
of massive sulphide ore from the Sullivan mine at Kimberley, the largest 
individual producer of lead and zinc in the world. The predominant minerals 
in the ore are galena, marmatite, and pyrrhotite, with smaller amounts of 
pyrite, magnetite, and jamesonite, and minor quantities of silicate gangue 
minerals. The sulphides are associated in a very intimate intergrowth, and 
this conation, coupled with the high iron content of the ore, makes the Sullivan 
mill an outstanding example among mills successfully treating very refractory 
ores, '^e flow sheet is given in Fig. 221 and discussed in the following sec¬ 
tions. For sake of simplicity, conveyors, elevators, pumps, etc., are omitted. 

An important determinative factor in successfully concentrating any very 
finely disseminated ore is the nature of the fine-grinding system. At Sullivan 
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the flotation feed is ground to 90 per cent through 200 mesh in a ihree>stage 
mn^ng circuit, and this mill follows the principle that middlings should 
he reground before further treatment. Middlings from the lead circuit are 
returned to the secondary stage of grinding for regrinding, while middlings 
from the zinc circuit are reground in a separate middling-rogrind circuit. 

It was found that by careful control of flotation conditions in the rougher 
machines, free mineral particles would be made to float ahead of middling 
particles, and this crude segregation could be utilised to increase the efficiency 
and value of the regrinding operations. 

Unusually high circulating loads are mmntained in the secondary grinding 
stage, as this practice has been found the most satisfactory for the very fine 
grinding needed on this ore. The tisual circulating load in the secondary 
circuits U around 1000 per cent of new circuit feed. 

CruMng Plant .—The cosrse^rusbing plant is located near the portal 
of the mine adit, about 2^ miles from the concentrator. The ore is crushed to 
3 inches maximum sise and transported to the concentrator in 63-ton cars. 

1. One receiving bin, live capacity 1200 tons. Prom mine; delivers to 2. 

2. One 42« by 4S-inch AlUs-^balmers jaw crusher and one 36- by 42-inch 
Buchanan jaw crusher, crushing to 6 inches. Prom 1; deliver to 3. 

3. Bar grizzlies, l{-inch spacings. From 2; deliver oversize to 4 and 
undersize to 6. 

4. Picking belts; both rich lead ore and barren waste are removed. From 
3; deliver rich lead ore to smelter, waste rock to waste, and milling ore to 5. 

5- Three Traylor No. 10 gyratory crushers, crushing to 3 inches. From 4; 
deliver to 6. 

6. One storage bin, live capacity 2300 tons. From 3 and 5; delivers to 7. 

7. Air-operated self-dumping S^ton railroad cars. From 6; deliver to 8. 

Conctniraior. —8. One receiving bio, capacity 1800 tons. From 7; delivers 

to 9. 

9. One 7-foot Symons cone crusher, set at | inch. From 8; delivers to 10. 

10. One bin for feed to screens. From 9 and 12; delivers to 11. 

11. Four 4- by 5-foot Hummer screens, t^ineb openings. From 10; 
deliver oversize to 12 and undersize via automatic sampler to 13. 

12. Two sets 74- by 2D-inch AUis-Chalmers rolls, Garfield type. From 
11; deliver to 10. 

13. One steel bin, capacity 5000 tons, and one concrete bin, capacity 3709 
tons. Both bins are serviced by bedding machines. From 11; deliver to 14. 

14. Six Merrick weightometors. From 13; deliver to 15. 

15. Six 10-foot by 48-inch Hardinge mills; ball load 23 tons each; discharge 
69 per cent solids. From 14; deliver to 16. 

16. Three 16- by 20-foot Dorr double duplex classifiers; overflow has 39 
per cent solids. From 15; deliver sands to 17 and overflow to 21. 

17. Four 8-foot by 48-inch Hardinge mills, ball load 17 ions each, and 
four 10-foot by 48-inch Hardinge milb, ball load 25 tons each; discharge 78 
per cent solids. From 16 and 18; deliver to 18. 

18. Ten 6- by 25-foot Dorr duplex classifiers and 11 Akins classifiers, 6-foot 
spirals. From 17, 22. and 23: deliver sands to 17 and overflow to 19. 

19. Seven 6- by 23i-foot Dorr duplex classifiers. From 18 and 20; deliver 
sands to 20 and overflow to 21. 

20. Two 8-foot by 48-inch Hardinge mills; ball load 17 tons each, From 
19; deliver to 19. 

21. One 30-foot surge tank and one 20-foot surge tank. From 16 and 
19; deliver to 22. 
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22. Twelve 16>€ell 24-inch Miner&la Separation subaeration flotation 
machjnes. Cells 1 to 12 overflow lead-concentrate froth; cells 13 to 16 over¬ 
flow middling froth. From 21; deliver lead concentrates to 23, iniddlines to 
18, and tailing to 28. 

23. Four eightHjell Minerals Separation subaeration machines. From 22 
and 24; deliver concentrates to 24 and tilings to 18. 

24. Two lO-cell Minerals Separation subaeration flotation machines. 
From 23; deliver concentrates to 25 and Udlings to 23. 

25. Two 50-foot Dorr thickeners, one for lead and one for sine. From 
24 and 34, respectively; deliver to 26. 

26. Two 20-foot stock tanks, one for lead and one for zinc. From 25* 
deliver to 27 and 35. 

27. Two 8- by 12-foot Oliver filters. From lead stock tank 26; deliver 
concentrate cake to smelter. 

28- Ten 16-cell 24-inch Minerals Separation subaeration flotation machines. 
Cells 1 to U overflow zinc-concentrate froth; cells 12 to 16 overflow sine- 
middling froth. From 22; deliver zinc concentrates to 33, middlings to 29, 
and tailings to 36. 

29. One 8-foot by 48-inch Hardinge mill. From 28, 30, and 33; delivcis to 

30. 

30. One 6- by 25-foot Dorr duplex classifier and one 10-foot Dorr bowl 
classifier. From 29; deliver sands to 29 and overflow to 31. 

31. One 30-foot surge tank. From 30; delivers to 32. 

32. Two 10-cell Minerals Separation subaeration flotation machines. 
From 31; deliver concentrate to 33 and tailings to 36. 

33. Four 10-ccil Minerals Separation subaeration flotation machines. 
From 28, 32, and 34; deliver concentrates to 34 and tulings to 29. 

34. Two 10-cell Minerals Separation subaeration flotation machines. 
From 33; deliver concentrates to 25 and iailinia to 33. 

35. Five 6-foot six-disk American filters. From zinc stock tank 26; deliver 
cake to zinc smelter. 

36. One 60-foot Dorr traction thickener, for reclamation of water from 
tailings. Prom 28 and 32; delivers underflow to waste and overflow to mill 
water system. 

Table 89 gives some iUustratlve data on the grinding circuit, as reported in 
1931. 


TA.BLE 89.—SIZING TESTS, GRINDING CIRCUIT, SULLIVAN CONCENTRATOR 


Grinding SUge*. 

Saraea Saa. CumulaUva Pareantage. 

On 71 
HMb. 

On 150 

Maab. 

On 200 
Maab. 

Tbrougb 
200 MMb. 

Primtfjr mill (I8j discharge. 

4.7 

«d.9 


45.1 

ClaMiMr (10) Hand*. 

7.S 

41.4 


27.2 

CI*MiS«r ^16) orarSov. 

0.0 

$.3 


B8,l 

Sacondarx Mool b%ll mtlb (17> <lta«harg« . 

0.7 

49.1 

1 <6,5 

33.1 

Oerr «lMaiS«r OS) aandi. ... 

0.8 

53.9 


29.8 

Oofr rla»ai6«r OSl orarSow. 

0,0 

9,7 


81.8 

Saeondarjr t04oot ball milU (IT) diaebarga. 

0.1 

se.4 


43.8 

Akina riaaiflar (III aaada. 

O.S 

48.1 


38.4 

Ak>na claaalStr (ill ovariaw. . 

0.0 

4 5 

13.4 

8<.4 

Tertiary baU Billa (30) ditebarga. 

0.0 

23.8 

42.3 

57.7 

Dorr riaaaiSar (lOI aands. 

0,0 

30,9 

53,5 

44.5 

Dorr ciaaaaSar (19) oaarlow. 

0.0 

8,7 


90.5 

Final cailibga . 

0.0 

S.7 


80.4 


Reagents and control conditions have been investigated thoroughly in 
seeking the best possible results in this mill and will therefore be considered in 
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detaU. The kinds and amounts in pounds i»r ton of for » repre^ntattve 
month in 1938 were as follows: soda ash 0.75; lirae 

uhate, 0.55: sodium cyanide, 0.05; sodium ethyl xanth^, 0.42, coat-U 
creosote, 0.019; and oil mixture (60 per cent water-gas tar, 20 per cent cresylic 
acid, and 20 per cent coal-tar creosote), 0.316. , . , . * _x 

Soda ash is added to the secondary grinding circuit and is kept constant 
at 0.75 pound. Increased amounU when the ore is slightly oxidised cut down 
xanthate consumption slightly but otherwise show no advant^e. , ^ ^ . 

Lime varies from 0,4 to 0.7 pound, 0.1 pound being added at the start of 
the lead float, about 0.4 pound at the head of the sine roughers, and 0.05 to 
0 1 pound to the zinc cleaners where It corrects a tendency for an overoiied 
condition. Lime has all the effect that bichromate had in depressing lead in 
the sine circuit, so bichromate is no longer used. 

The pH of the lead rougher feed is 8-6 to 8.8 and of the lead rougher tailing 
8.2 to 8.4. The sine rougner tailing has a pH of 8.6 to 9,0. A higher pH is 
satisfactory but increases xanthate consumption. 

Copper sulphate is held steady at 0.55 pound fed at the^ head of the sine 
roughers, and a small extra amount of about 0.025 pound is fed to the zinc 
middlings retreatment section to get maximum zinc recovery. 

Sodium cyanide is all fed to the secondary grinding circuit and no benefit 
is gained by using over 0.05 pound. 

Xanthate varies from 0.3 to 0.5 pound depending on the degree of oxida¬ 
tion of the ore, and it U added at various places as needed for control. About 
75 per cent of the total is added to the secondary grinding circuit. As com¬ 
pared to the former practice of adding this portion to the head of the lead 
rougher cells, the reagent consumption is slightly higher, but the lead recovery 
is improved a little. Small amounts are still added at the head and also to 
the sixth cell of the lead roughers, About 5 per cent of the total is fed to the 
eleventh cell of the lead roughers where lead middlings begin to come off and 
varying amounts averaging about 10 per cent of the total are fed to the head of 
the zinc rougher cells. Small additions of var^ng amounts are fed to the 
lead cleaners and recleaners for control of grade of the float, and similarly 
about 0.04 pound is fed to the zinc middlings retreatment. 

The coal-tar creosote is used in the zinc middlings retreatment as a frother. 

The oil mixture is a direct means of flotation control, and the amount 
varies with the gnide of the feed. About 75 per cent of the total is added to 
the secondary grinding circuit. About 20 per cent is added to the eleventh 
cell of the lead roughers where the lead middlings start to come off, the amount 
being governed by the conditions in the zinc rougher and cleaner cells, and 
small amounts are fed at times to the lead cleaners to help control grade of 
concentrates. Finally a steady amount of about 5 per cent of the total is fed 
tc the twelfth cell of the zinc roughers where zinc middlings start to come off. 

The marmatite in Sullivan ore does not float readily below 27 or 28 degrees 
centigrade. The seasonal variation in temperature of the water supply is 
from 0.2 to 14 degrees centigrade. Formerly live steam from boilers heated 
the pulp to 29 degrees ahead of the zinc cells. Now the fresh-water supply 
ic run through the condensers in the turbogenerator plant and thus reaches 
29 degrees for the grinding circuit and the lead roughers and zinc roughers. 
Live steam brings the temperature up to 35 degrees in the cleaners and reclean¬ 
ers for both lead and zinc. The extra heat increases recovery without lowering 
the grade of concentrates. Coal consumption varies from 16 pounds per ton 
of ore in summer to 34 pounds in winter. 

About half of the taihnp of the lead roughers go to a 60-foot Dorr thickener 
which yields 5600 tons of clear overflow per 24 hours going back to the grinding 
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circuit and an underflow which ia mixed with the other half of the lead rougher 
tailings going to the xinc cells- This operation raises the denaity of the zinc 
rougher feed from 26 per cent solids 38 per cent. In the reclaimed water 
appreciable amounts of soda ash and soluble oils as well as heat are recovered. 
This helps to keep sods ash out of the zinc circuit, where it tends to make an 
overoiled condition. The denser pulp makes for steadier operation of the zinc 
roughem and a slightly increased recovery due to the additional treatment time 
gained by reducing the volume of pulp. 

Oxidation of the ore presents difficulties which have not been entirely 
overeome. It ^ects the lead recovery more than the zinc. The special oil 
mixt^ 15 not effective in combating oxidation and xanthate is only partially 
so. The trend is toward increasing xanthate and cutting down the oil mixture 
but es^nence shows that it is not possible to obtain maximum recovery with 
any high-powered collector unless a small amount of water*gas tar is added. 

If soda ash is omitted and lime increased to about 0.8 pound, the results 
are the same, but costs are higher because the high lime requires al»ut 60 or 
70 per cent more xanthate. 

A recent t«t shows that when the primary grinding mills are run In closed 
circuit the addition of soda ash, cyanide, oil mixture, and xanthate in these 
primary mills gives slightly better lead results. When the primary mills are 
run in open circuit, there is no advantage gained by adtog these reagents 
earlier than in the secondary grinding circuit. 

A Lynch dust control system removes dust from all dry operations. Gali- 
gher and Flood automatic samplers are in use for checking results throughout 
the plant. A staff of 12 to 15 men is constantly employed on special problems 
of testing and research in addition to the regular men on routine sampling and 
chemical analyses. 

It will be noticed that this mill is not divided into parallel units. Since 
the mill always handles a uniform grade of feed, it simplifies the design and 
operation to run the entire mill as a single unit. 

Figures for the year 1930 show that a daily tonnage of 5500 tons of feed 
yielded 700 tons of lead concentrates, 825 tons of zinc concentrates, and 3975 
tons of tailings of iron sulphide and gangue. Figures published in 1927 are 
given in Table 90 and show the gradual enrichment of the lead and zinc and the 
elimination of the iron. The final lead concentrates contain 22 to 24 ounces of 
sliver per ton and under 1 per cent insoluble. The fiji^ zinc concentrates 
assay 1 per cent insoluble. Tailings assay under 1 per cent lead, under 1 
per cent zinc, and around 44 per cent iron. Of the lead in the original ore 90 
per cent is recovered in the lead concentrates and 5 per cent in the zinc con¬ 
centrates. The zinc recoveries are 83.5 per cent in the zinc concentrates 
and 7.5 per cent in the lead concentrates. 


TABLE 90.— ASSAYS, SULLIVAN MILL 



Per Ceai 
Load. 

Par Cant 
Zioo. 

Par Cabt 
IroB. 

Mil) Jted. 

12 2 

7.8 

18.6 

80.1 

24.5 

L^iid . 

34 0 

L4ad laufhar middUnfi. .. . 

i 

18.6 

42.6 

Lmd cleaner conecnlratM . . 

1 fid.S 

1.0 

18.4 

Lead r*el«an«r or final coneentratea. 

■ZEh 

4.1 

6.0 

Zine roufher con««n(rata<. . 


85.0 

S5.6 

Zinc rousbar auddlin^s. . 


5.6 

46.4 

Ztoe alaaatr eanaaatratM . 


48.1 

18.7 

Zlne >a«laan«r or final concantratas. 

so 

50.1 

12.B 

Rdraatmerxt laad ... 

3 7 

18 6 

46 0 

fiairaatsiant line eoacaatrataa..... 

3.6 

_1 

28.1 

86.6 
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PR£C10U8*KETAL CONCENTRATORS 

According to the mode of occurrence of the precious metals their ores 
be treated by amalgamation, including corduroy tables, by cyanidation, or by 
concentration, especially flotation, or by various combinations of these proc¬ 
esses. If the ores are rich enough, they may even be smelted direct. A 
complete presentation of precious-metal milling practice would require J^oro 
space than is justified in an ore-dressing textbook, and for more detailed 
information the reader should refer to other books and to current publications 
dealing specifically with this field. 

In general the treatment of gold ores may be along the following lines. 

1. Amalgamation alone is used on a free-milling ore where the tailing 
after amalgamation is so low that further treatment will not pay. Usually 
sulphides are absent or low in gold value. 

2. Cyaniding alone is used where the ore does not amalgamate readily 
but where cyanide b able to extract the values. Sulphides may be absent 
or, if present, may be either low in gold value or else readily amenable to 
cyani^ng. 

3. Concentration alone is used where the gold is all associated with the 
sulphides and the quartz is barren and where amalgamation or cyaniding does 
not yield satisfactop^ extraction. The enriched concentrate is usuaily treated 
by some metallurgical process which would be too expensive for the entire 
ore. Where the sulphides containing the gold are sulphides of ba.'$e metals, 
concentration recovers the gold along with the base metals in tlie form of 
concentrates which usually go to a smelter, The same holds true for gold in 
nonsulphide minerals of base metals, provided these minerals are amenable 
to concentration, but occasionally concentration is not applicable, in which 
case the problem requires special study and may involve the use of amalgama¬ 
tion, cyaniding and other leaching methods, and smelting. 

4. Amalgamation followed by cyaniding of the tailing is used under con¬ 
ditions somewhat similar to cases 1 and 2, except that amalgamation, while 
extracting a good proportion of the ^Id, leaves enough to warrant cyanide 
treatment. Usually all the gold in this case could be extracted by cyanide, 
but it is generally considered the best policy to save all one can by amalgama¬ 
tion first, although this opinion is not universal. 

5. Amalgamation followed by concentration is used under conditions 
similar to case 3 except that enough froo-milling gold is present, either in the 
quarts or in the sulphides, to warrant amalgamation first. 

6. Concentration followed by cyaniding of tailing is used where the con¬ 
centrate carries gold not amenable to cyanide or carries constituents, such 
as manganese, which are inhibitive to cyaniding, and the tailing carries suffi¬ 
cient gold to warrant the expense of cyanide. 

7. Concentration followed by cyaniding of concentrate would be used for 
an ore like case 3 where it so happened that the concentrate could be cyanided. 
UsuaUy, the expense of concentration and cyaniding the enriched concentrates 
is less than the cost of cyaniding the whole ore. Oftentimes the concentrates 
may be amalgamated, but in such cases the amalgamation tailings are usually 
too rich to be thrown away and are cyanided or shipped to a smelter. Refrac¬ 
tory concentrates may require roasting before cyaniding. 

8. Amalgamation, concentration of amalgamation tailing, and cyaniding 
of either the concentrate or the tailing or both, find application under special 
conditions. Such conditions would occur as modifications of cases 6 and 7 in 
the event that enough of the gold was free milling to warrant amalgamation 
as the first step. 
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The treatment of silver ores also follows along the same line as gold ores. 
However, since silver does not often occur free except as free gold always carries 
more or less silver alloyed with it and since silver is more often associated with 
base-metal ores, including also iron sulphides and oxides, amalgamation ^ds 
practically no application, and thus cyanidingi concentration, especially flota¬ 
tion, and smelting are the processes used in silver-ore treatment. 

I^ecious met^ ores have already received some consideration in Chapter 
V under Gravity Stamps and Amalgamation and also in Chapter Xlll under 
Flotation of Gold and Silver Ores. The Mclnt3rre mill, discussed in Chapter 
XIII, illustrated the flotation of a pyritic gold ore and cyaniding of the flota¬ 
tion concentrates. The discussion of milling at Noranda in the same chapter 
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Flo. 222.—Flow ebMt. Homestelie Mi&ine Company. 


included the procedure for recovery of auriferous pyrito by flotation and 
cyaniding of the concentrates as one step In the treatment of a massive sulphide 
ore carrying sulphides of copper and iron. 

Three mills will now be taken up here to supplement previous description 
and discussions of precious-metal milling practice. The Homestake mill is 
an outstanding example of an amalgamation-cyanidation mill and also is one 
of the few important mills retaining stamjK for crushing. The Montesuma^ 
Apex mill illustrates derign of small gold mills, and treats a carbonaceous gold 
ore using hydraulic traps, corduroy tables, and flotation, with am^gamation 
of corduroy and trap concentrates. The Sunshine mill is a fine-grinding all- 
flotation plant for recovery of silver. 

Homestake Mikinq Comp ant.— The mmes and mills of this company 
are located at Lead and Deadwood, South DakoU. The ore treated occurs in 
an altered dolomitic limestone and contains cumminglomte, chlorite, stringer 
quarts, and the sulphide minerals, pyrite, arsenopyrite. and pynbotite. The 
gold content of the mill heads averaged in 1929 around a quarter of an ounce 
per ton. As much as 70 per cent of the gold content may be recovered by 
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arnaleamation in the laboratory, whereas actual null recovep^ by 
is about 63 per cent. Recovery of as much gold as p«^ble by amdgamatio 
is considered to be a definite advantage from econo^c and other viewpoints. 



is the high content of ferrous iron in the pyrrhotite, chlorite, cumnungtonite, 
and dolomitic carbonate. Practice at Homes take has developed step by step 
over a considerable period of active production and hence may not represent 
in some ws5r8 the practice which would be adopted in starting anew with a 
jnill following modern gold-recovery practice throughout. However, the 
milling process, which has been developed gradually, is outstanding for its 
economy and efficiency, particularly in view of the special conditions and 
Droblema involved in the beneficiation of the Homestake ore. 

The South mill at Homestake has a capacity of 3800 tons of minus 2^iiich 
ore per 24 hours. The flow sheet is given in Fig. 222- This flow sheet includes 
the primary and secondary crushing operations at the Ross shaft and the con- 
centration operations in the South mill. The places of the cyanide No, 1 
and No. 3 plants and the slime plant in the whole milling system are also indi¬ 
cated, but details of the cyaniding treatment are omitted from the flow sheet. 

At the Ellison shaft, coarse crushing is done underground at the 800-, 
1400-, and 2000-foot levels in 36- by 48-incb Traylor jaw crushers, set at 3i 
inches and by-pasaed with 5-inch grissliea. Secondary crushing to 2i inches 
is done at the surface in Symons cone crushers. Cnishing at the Ross shaft 
is covered by items 1, 2, and 3 below. 

1. Two Allis-Cbalmers No. 8 gyratory crushers, set at 4^ inches. From 

mine; deliver to 2. 

2. Grissly to by-pass cone crushers. From 1; delivers oversize to 3 and 
undersize joins product of 3. 

3. Two 7-foot Symons cone crushers, set at 14 inches. From 2; deliver 
by conveying belt with magnetic pulley to bins from which the ore is drawn 
into 4-ton cars to go to 4. 

4. Mill bins, total capacity about 11,000 tons. From 2, 3, and Ellison 
shaft; deliver to 5. 

5. One hundred and eighty 1600-pound stamps, 7-inch drop, 100 drops 

f &r minute, ^inch height of discharge. Five stamps on each camshaft, driven 
y 25-bor8epower motor. Challenge feeders. Capacity, 23 tons per stamp 
per 24 hours. Discharge ^ith 5.5 parts water to 1 part solid through screens 
with apertures 0.8- to 0.85-inch square. From 4; deliver to 6. 

6. Ten 7-foot 65-degree dewatering cones. Prom 5; deliver sands to 7 
and overflow to 10. 

7. Three 6- by 12-foot Marcy rod mills in unit B, three 5- by 10-foot 
Allis-Cbalmers rod mills in unit C, and four similar 5- by 10-foot mills in unit A . 
Size of rods, 3 inches. Mercury added to scoop feeders. Ore from lower 
levels in the mine is segregated in bins 4, so that after stamping it is handled 
in unit A. From 6 and 9; deliver to 8. 

8. Ten Clark-Todd amalgamators. From 7; deliver pulp to 9. 

9. Three 6- by 28-foot DSF Dorr rake classifiers for unit R and seven 
44- by 21-foot DSF Dorr rake classifiers for units C and A. From 8; deliver 
sands to 7 and overflow to 10. 

10. Two 6-foot by 26-foot 8-inch Dorr bowl classifiers with 12-foot bowls 
in unit R, two of the same for unit C, and one 6-foot by 31-foot 8-inch classifier 
with 16-foot bowl for unit A. From 6 and 9; deliver sands to 11 and overflow 
to cyanide plants. 
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11. Six 5- by 14-foot Marcy ball mills, two in each unit. 8j«e of balls, 

2 inches. From 10 and 13; deliver to 12. 

12. Six Clark-Todd am^gamators. From 11; deliver pulp to 13. 

13. Two 5-foot by 26-foot 8-inch Dorr rake classifiers in unit S, two of the 
same sise in unit C, and one of 6-foot by 23-foot 4-inch sise in unit A. From 
12 ; deliver sands to 11 and overflow to cyanide plants. 

The overflow products of 10 and 13 are separated into sands and slimes in a 
series of 10-foot SO-degree settling cones, the sands going to Nos. 1 and 3 
cyanide plants and the slimes going to the slime plant for cyanidation in 
filter presses. Separation of sands and slimes in these cones is made at about 
350 mesh. 

In 1931 with gold at $20.67 per ounce» recoveries per ton of original ore 
were: by amalgamation, $4.34 or 62.20 per cent; by cyaniding of sands, $1.48 
or 21.12 per cent; and by cyaniding of slimes, $0.72 or 10.33 per cent; the 
loss in final tailings was $0.44 or 6.35 per cent. 

Costs per ton of original ore In 1929 were $0,038 for crushing, $0,276 for 
milling and $0,189 for cyaniding, making a total of $0,503. Labor per 24 
hours in the South mill was 27 men, in No. 1 cyanide plant 23 men, and in the 
slime cyanide plant 28 men. 

MoNTEruM.\-APEX Mining Coufany, Nashville, California.— The 
Montezuma-Apex mill has been operating since 1933 and treats 230 tons of 
ore per day. The ore is a carbonaceous ore nith native gold occurring in 
quartz and also in association with iron sulphides and in small amounts with 
other minerals. The quartz occurs in graphitic slates and carbonaceous shales, 
the carbon from these constituents causing some difficulties in flotation treat¬ 
ment. Mil) feed averages 0.2 to 0.3 ounce of gold per ton. 

Gold recovery n^'erages 94 to 95 per cent, of which about three-quarters 
is as bullion and ono-quarler as concentrate. Bullion is recovered by barrel 
amalgamation of the concentrates from the hydraulic traps and the riffled 
launders in the grinding circuit and the concentrates from other corduroy 
tables used both before and after flotation. Flotation concentrates are shipped 
to the smelter. Total milling costs for operation on a 5005-ton per month 
basis are about 80 cents per ton of ore. 

The Montezuma-.4pex fiow sheet is given in Fig. 223 and further data are 
summarized in the following. 

1. Robins vibrating screen. From mine, delivers oversize to 2 and 
undersize to 3. 

2. Blake-type jaw crusher, set at 1^ inches. From 1; delivers to 3. 

3. Belt conveyor from crushing plant to mill bin. From 1 and 2; delivers 

to 4. 

4. Mill bin. From 3; delivers to 5. 

5. Two No. 64+ Marcy ball mills. From 4 and 8; deliver to 6. 

6 . Two hydraulic gold traps. These traps are bled daily and thoroughly 
cleaned twice a month. From 5; deliver pulp to 7 and trap concentrate to 18. 

7. Two riffled launders. From 6; deliver pulp to 8 and concentrate to 19. 

8 . Two Dorr duplex classifiers. These are thoroughly cleaned once a 
month, the cleanup sands going to 20 as indicated. From 7, 20, and 21; 
deliver sands to 5, overflow to 9, and cleanup sands to 20. 

9. Two corduroy tables, area 30 square feet. These are cleaned once each 

8 -hour shift. 8; deliver pulp to 10 and concentrates to 19. 

10- One 3-inch Wilfley pump. From 9; delivers to 11. 

11- One 8- by 10-foot Devereux agitator. From 10; delivers to 12. 

12- Two hundred and forty square feet of corduroy, cleaned each shift. 
From 11; delivers pulp to 13 and concentrates to 19. 
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13. One lO-cell Booth-Thompson Agitwr flotation machine. CeMs 1 and 
2 deliver final concentrate; celb 3 tf> 10 return middling to cell 1. From 12; 
delivers concentrates to 16 and tailings to 14. 
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14. One hundred square feet of corduroy in bottom of tailing flumes. From 
13; delivers tailings pulp to 15, and concentrates to 19. 

16. One 50-foot Dorr tailings thickener. From 14; delivers underflow to 
waste and overflow to return water. 
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16. One 20-foot Dorr concentrate thickener. From 13; delivers underflow 
to 17 and overflow to return water. 

17- One 4-foot four-disk American filter. From 16; delivers concentrate 
cake to smelter bin. 

18. Wash tanks for hydraulic traps. From 6; deliver to 19. 

19. Concentrate storage tank. Concentrate accumulates here and is 
withdrawn and amalgamated in 21 to inclunve, once every two weeks. 
From 7, 9, 12, 14, 18, and 20; delivers to 21. 

The following equipment b operated on batches only. 

20. Thirty square feet of corduroy, for biweekly cleanup of classifier. 
From 8; delivers pulp to 8 and concentrate to 19. 

21. One No. 12 WiJfiey table. From 19 and 25; delivers concentrate to 
22 and tailings to 8. 

22. One ^ by 4-foot amalgamation barrel. Mercury added at this point. 
From 21; delivers to 23. 

23. One 4-foot mechanical batea, recovenng relatively clean amalgam. 
From 22; delivers amalgam to retort and overflow to 24, 

24. Silvered plates in bottom of narrow launder. From 23; delivers pulp 
to 25 and amalgam to retort. 

25. Mercury trap. From 24; delivers pulp to 21 and amalgam to retort. 

The amalgam recovered by the batea, plate launder, and the mercury trap 

is cleaned by hand, then retorted and converted into bullion. The amalgama¬ 
tion re.sidue is separated into three products; one part containing amalgam is 
saved and added to the next batch in the barrel; a second part, consisting of 
rich sulphides assaying from 10 to 15 ounces gold per ton, is sent to the smelter; 
and the remaining portion, carrying 2 to 3 ounces gold per ton, is added to the 
flotation concentrate. 

Reagents used in flotation are sodium sulphide, 0.80 pound per ton; copper 
sulphate, 0.50 pound per ton; butyl xanthate, 0.05 pound per ton; amyl 
xanthate, 0.05 pound per ton; tapioca starch, 0.03 pound per ton; and cresylic 
acid, 0.35 pound per ton. The starch is used to depress as much of the 
carbonaceous material as possible. 

The presence of the carbonaceous material makes the ore more difficult to 
treat and causes the mill to be more complicated than some other gold mills 
handling less difficult ores. 

Sunshine Mining Company, Sunshine, Cobur d’Alene District, 
Idaho. —The Sunshine mill concentrates ore from the Yankee Boy mine, 
the largest silver producing mine in the United States. Silver is the chief 
valuable constituent of the ore, and it occurs with tetrahedrite. Minor 
amounts of galena, pyrite, and arsenopyrite are also present in the ore and 
report in the flotation concentrate. The gangue consists of riderite and 
quarts. .. , 

The flotation concentrate averages over 1000 ounces silver per ton and 
better than 10 per cent copper, but its net value is lowered materially by its 
relatively high contents of antimony and arsenic. 

Thp flow sheet in Fig- 224 is that in operation during the latter part of 
1936, with a rated capacity of 400 tons of ore per 24 hours. At that time 
changes and additions were being made to bring the capacity eventually up to 
1000 tons daily. 

The flotation circuit is an interesting example of close adherence to the 
countercurrent principle. In the 16-cell Denver subaeration machine, feed 
is introduced into cell 2; cells 1 and 2 give final concentrate; froths from cells 
3, 4, and 5 return to cell 1; froths from cells 6, 7, and 8 return to cell 3; and 
froths from cells 9,10, 11, and 12 return to cell 6. Another interesting feature 
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m the flotation setup is the use of middlings from cells 13 to 16 and from the 
^ution'wat^^^ pneumatic machines as ball-mill feed water and classifier 

Flotation reagents used are as follows: acrofloat No. 25, Barrett No 4 
coal-tar cr^te, and Minerec-A, all added to the ball mills; pine oil added t<; 
cell 9 ot the subaoration machine; and sodium cyanide and lime to cell 1 to 
depress iron. Total reagent cost averages 4 cenU per ton of ore milled. 

Data on the flow sheet are pven in the following: 

1. Mine cars, 2 tons capacity. From mine; deliver to 2. 

2. One mi^ ore bin» 300 tons capacity. From 1; delivers to 3. 

3. Seven Coeur d'Alene Iron Works feeders, reciprocating-pan tvne 
From 2; deliver to 4. 

4- One 30-inch conveyor, 57 feet long, with Dings magnetic pullev 
From 3; delivers to 5. 

• 1 - ^ 4-foot Tyler Niagara vibrating screen, openings 4 by U 

inches. From 4; delivers oversise to 6 and undersise to 7. 

6 . One 7-inch Traylor gyratory crusher, i-inch product. From 5 * 

delivers to 7. ’ 

7. One 24-inch conveyor, inclined 23 degrees, 58 feet long. From 5 and 
6 ; delivers to 8. 

8 . One 24-inch conveyor, inclined 21 degrees, 25 feet long, From ?• 

delivers to 9. ’ 

9. One 24-inch reversing conveyor, 64 feet long- From 8; delivers to 10, 
One mill ore bin. 400 tons capacity. From 9; delivers to 11. 

Two Hardinge weighing-belt feeders. From 10; deliver to 12. 

Tw'o electrically operated head samplers. From 11; deliver to 13. 
Two 8-foot by 48-inch Hardinge ball mills. From 12, 14, 17, and 18* 

deliver to 14. 

14. Two 36-inch double-spiral Akins classifiers. Overflow* has 5 per cent 

coarser than 100 mesh and contwns 30 per cent solids, 13, 17, and 18; 

deliver sands to 13 and overflow* to 15. 

15. Tw'o 4-inch Wilfley pumps, one serving as a spare. From 14; deliver 
to 16. 

16. One 8- by 8-foot conditioner tank. From 15; delivers to 17. 

17. One 16-cell No. 24 Denver subaeration flotation machine, products 
circulating as indicated in figure. Concentrates contain 60 per cent solids. 
From 16; delivers final concentrate to 20, middlings to 13 and 14, and tails to 

18. 


10 . 

11 . 

12 . 

13. 


18. One 50-foot Shimmin-Hirsch flotation machine, air-lift ty^. From 
17; delivers middlings to 13 and 14 and tailings to 19. 

19. One electrically operated t^ngs sampler. From 18; delivers to 
waste. 

20. One electrically operated concentrate sampler. From 17; delivers 
to 2l, 

21. One 5- by 10-foot Oliver filter. From 20; delivers concentrate cake 
containing 5.5 per cent moisture to 22. 

22. One 14-inch conveyor, inclined 27 degrees. From 21; delivers to 28. 

23. One 85-toa concentrate bin. From 22; delivers concentrate to smelter. 

The following data were reported for April, 1935. The daily feed was 

399 tons, assaying 38.0 ounces silver per ton. The concentrates assayed 884.9 
ounces and the tailings 0.74 ounce. This indicates an extraction of 98 per cent 
and a concentration ratio of 24 tons into 1. According to later information, 
results in the latter part of 1936 were very similar except that the concentrates 
grade was between 1000 and 1100 ounces silver per ton. 
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HAONETIC COKCENTftATION UIL14 

At the Dresent time the most important commercial plants using magnetic 
senaration^sn iJ^aj^concentration method are plants concentrating magnetic 
iXo^ Other metallic ores for which magnetic soP<iraU^ is an irn^rtant 
means of concentration are ilraenite or titaniferous iron oi«, “[f®’ 

franWinite ores in New Jersey, and copper-nickel ores containing pyrrhotlte 

?ma“d bTthe Falconbridge mill inXe Sudbury dtetrict. Recently con¬ 
siderable work has been done in operating a pilot mill treating iron or®* ® 
reducing roast followed by magnetic separation, and this process ap^am to 
have commercial possibilities. Separation with modem high-mtensity rnag- 
nets is becoming important in the nonmetellio 6eld as a 

of various ceramic raw materials such as glass raw materials, feldspar, vermic 

Wood Mining Company. Schwb Oak Plant, Wharton, New 
Jersey —The Scrub Oak mill is a modern magnetic concentration plant treat¬ 
ing a finely disseminated iron ore. The ore assays 33 per cent non, 0.078 
per cent phosphorus, and 36 per cent sibca. The iron m the ore,is 82 Mr cent 
magnetite and 18 per cent martite, the latter being nonmagnetic. The mar- 
tite is recovered by tabling the magnetic separator Uilmgs. 

The feed rate to the mill U 160 tons per hour. Concentrates analyze bet¬ 
ter than 68 per cent iron and tailings under 3 per cent iron. The total recovery 
of iron U W to 92 per cent, of which from two-thirds to three-quarters is by 
magnets and the remaining one-quarter to one-third by tables. 

An interesting feature of this plant is the use of Dings Crockett submerged- 
wet-belt type separators. These were adopted after extensive testing in 
competition with other types and, rince their installation, have shown a 
marked general superiority and wider range of applicability in comparison 
with other types of magnetic separators which have been used on the same ore. 
The use of coobii^ magnets to discard weate at relativelv coarse sizes should 
also be noted. The cobbing magnet installation is relatively recent, and 
resulted in an increase of mill capacity and elimination of hand picking. 

The Scrub Oak flow sheet is given in Fig. 225 and explanatory notes 
follow: 

Crushing and Screening Plant .—The ore is crushed underground in a 30- by 
42-inch Buchanan Jaw breaker to about 6 inches and then loaded in 5-ton skips 
and hoisted to 1. 

1. Two ore bins, capacity 1000 tons. From mine; deliver to 2. 

2. One gyratory crusher. From 1; delivers to 3. 

3. One 42- by 72-mch Gyrex screen, openings J-inch square. From 2; 
delivers oversize to 4 and undersize to 5. 

4. One 5^foot Symons cone crusher, set at H inches. From 3, 7, and 8; 
delivers to 6. 

6 . One Dwight Lloyd Oliver drier, to reduce moisture content of fines to 
1 or 1.5 per cent, for facilitating further screening operations. Screen over¬ 
size is already diy enough for further screening. If dry magnetic separation 
were used, moisture would have to be reduced further to 0.25 to 0.50 per cent. 
From 3; delivers to 6, 

6 . One type 400 Hummer vibrating screen, followed by one standard- 
iype Hummer screen. Screen openings, i by 1 inch. From 4 and 6; deliver 
oversize to 7 and undersize to 9. 

7. Shaking screens, siring at H, 1, and i inch. Plus l^inch portion is 
returned to 4; 1- to li|-inch fraction may be returned to 4 or separated for 
cobbing as necessary; to l-inch, and minus f-inch fractions are sent to 
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magnetic cobbing puUeys. From 6 ; deliver li- and 1-inch oversiae to 4, 

DinTm^”gn;tifcobtdnSS'. ' From 7; mapetic faction U re^rned 
to 4 for further crushing and nonmagnetic goes to storage for sa 

Dings magnetic cobbing puUey. From 6 and 7; delivers magnetic to 

10 and nonmagnetic to crushed stone storage. a 

10. Eight Hummer vibrating screens, 0-22-inch openings. From 9, 13, 

iitid 16* deliver oversise to 11 and undersiae to 14. 

11. Dings magnetic cobbing pulleys. From 10; deliver magnetic to 12 and 

nonmagnetic to crushed stone storage. _ 1-3 

12 . Number 1 roUs bin, 300 tons capacity. F^m _ 

13. One set 64- by 20-iiich Traylor rolls, choke feed. From 12, delivers 

\^4. Eight Hummer screens, 8 -inesh openings. From 10; deliver oversise 

to 15 and undersiie to 17. _ , j j 1 - ia 

16. Number 2 rolls bin. 600 tons capacity. From 14; divers to 16. 

16. One set 60- by 18-inch Traylor rolls, choke feed. From 15, delivers 

^17. Weightometer, recording weight of ore in office. From 14: delivers 

18. Crushed-ore bins. From 17; deliver to 19. 

CcmcerUrcUion Division.—TUe minus 8 -mesh ore is delivered from lb oy 

feeders to chutes, scrubbing boxes, and thence to 19.. 

19 Four Dings Crockett submerged-wet-belt high-mtensity magnetic 
separators. Magnetic product is 60 per cent iron and nonmagnetic isU to 
16 per cent iron. Prom 18; deliver concentrates to 22, middlings to 20, and 

One i by 10-foot Traylor rod mill with peripheral f^schaj^e. This 
mill reduces size from 8 mesh to 20 mesh in one pw, with little increase m 
minus lOO-mesh material, From 19, 21, and 23; delivers Xp 21. 

21 Two Dings Crockett submerged-wet^belt high-intensity ma^etic 
separators. From 20; deliver concentrates to 22, middlings to 20, and tailings 

to 25. 1 • • I. 

22 Three two-cell Bendelari di^hragm jigs. Jig screens have frinch open¬ 
ings and are bedded with shot. Concentrates from hutch and bed are over 
68 per cent iron. From 19 and 21; deliver concentrates to 24 and tailings 
to 23 

23. Esperansa drag dewaterer. From 22; delivers dewatered sands to 20. 

24. Concentrate dewatering drag. From 22 and 29; delivers concentrate 
to bin and water to 32. 

25. Two 4-foot Allen cones. Underflow is minus 8 mesh plus 20 mesh, 
From 19, 21, and 30; deliver underflow to 26 and overflow to 27. 

26. One 10-spigot 8t. Joseph hindered-settling classi6er. From 26; classi¬ 
fied products are fed to 29- 

27. Two 6-foot Allen cones. Underflow is minus 20 plus 60 mesh. From 
25; deliver underflow to 29 and overflow to 28. 

28. Three 10-foot Allen cones. Underflow is minus 60 plus 200 mesh. 
From 27; deliver underflow to 29 and overflow to 32. 

29. Eight Deister sand tables treating classified products of 26; eight 
tables treating underflow of 27; and four tables treating underflow of 28. 
From 26, 27, and 28; driver concentrates to 24, middlings to 30, and tailings 
to 31. 

30. One 6- by 8-foot Traylor ball mill. From 29; delivers to 25. 
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31. One tailings dewatering drag. From 29; delivers sand tailinss to 
waste and overflow to 32. n ' 

. Uilings thickeners. From 24. 28, and 31; deliver underflow 

to do and overflow to mill water system. 

33. One Din^ Crockett submerged-wet-belt high-intensity magnetic 
separator, f^ed is 10 to 12 per cent iron and concentrates arc 63 to 64 per 
cent iron. From 32; delivers concentrates to concentrate bin and tailiuM to 
waste. 

It is reported this mill has recently installed a double-acting iaw crusher, 
increased the number of Bendelari jigs, and made other improvements but 
none of these changes involves any fundamental change in the flow sheet. 

CONCENTRATION OR NONUETAbLlC MINERALS 

The preparation of nonmetallic mineral products of commercial grade 
from the crude mined ores is influenced by a number of factors which ordinarily 
are not considered in the concentration of metallic ores. Some of the more 
important factors are summarised in the following paragraphs. 

The final nonmetallic mineral product is frequently sold directly to the 
consumer, without passing through any intermediate treatment such as would 
correspond to smelting and refining in the meUllic field. Accordingly, the 
nonmetallic beneficiation plant must carry the treatment to the point where the 
final product is marketable as a finished product, meeting market specifications. 

Market specifications are usually relatively ri^d and in many cases place 
high premiums or high penalties on certain product characteristics. Com¬ 
mercial specifications cover a number of physical characteristics in addition 
to the chemical characteri.stics measured, for example, by the chemical analysis. 
Color, grain size, and other physical properties may be of considerable impor¬ 
tance in determining the value of a given materisJ. Under such conditions, 
the mechanical preparation of nonmetallic minerals is hwi at the start with a 
number of limitations w'hich must be carefully observed if the product is to 
be marketed at a reasonable price. 

The marketing of industrial minerals does not follow so definite an economic 
mechanism as has been established for the disposal of metallic-concentrate 
products. Often the market is limited, and the price varies widely with the 
supply. In many cases the producer is forced to develop and maintain the 
market for his product entirely on his own initiative. This condition naturally 
results in some degree of uncertainty as to the selling price which may be 
expected. The question of transportation from mine and plant to the market, 
the expected life of the market, the life of the deposit, and similar economic 
considerations add much to the uncertainty and risk in some cases. 

In spite of various unfavorable economic factors, however, technical 
progress in the last few years has been fairly rapid, and this progress in itself 
has helped indirectly to improve the economic situation. Until rather recently 
the nonmetallic mineral consumption has been supplied largely from deposits 
of relatively pure material r^uiring no preparation, except perhaps crushing 
and grading, or at most requiring only a crude picking or washing treatment. 
Now, however, the depletion of such deposits, the growing market, and general 
technical progress r(*sulting from an increased scale of industrial research have 
combined to render the field of beneficiation of impure nonmetallic materials 
a very important one, both from a technical viewpoint and from an economic 
viewpoint. 

Established ore-dressing methods have in some cases been adopted directly; 
in other cases they have been adopted with refinements; and in some fields new 
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Wn developed for rather difficult separations. Soap flotation is being 
^lied on a constantly Increasing scale, and new reagenu arc be>n« developed 
whwh promise to extend the application of flotation very materially. E 
simple Ca^Uy-eoncentration methods have been refined m some instances 

to o^pera^e with surprising efficiency on clow "®"^'de^cy li 

all such improvements in preparation technique h« been the tendency l 
develoD lower gr^de deposits hitherto not considered cominercjal. . 

Phosphate Rock fi^EnciATioN. —The phosphate industry is an out¬ 
standing example of the successful mechanical beneficiation of a rather impure 
r^tterial on a Urge scale. More than 90 per cent of the tonnage of mined 
Phosphate rock in this country occurs in the rwidual deposits of Florida and 
Tennessee and is not of commercial grade as mined. ^ 

The land pebble phosphates of Florida account for a large part ol the 
domestic prodiKtion. They occur in borisonUl stratified beds, and consist 
of a matrix of sand, clay, and soft white crumbly phosphate 
are embedded rounded or subanguUr fragmenU of harder phosphate called 
^‘roclc” or “pebble rock/’ ranging in sise from about 2 inches down to tine 
sand. The Mbbles form from 10 to 50 per cent of the bed. Former practice 
in preparation of this rock consisted principally in dUintegratxon of the matnx 
with high-pressure hydrauUc-jet washers and washing the resulting minus 
14-jnch size mixture on a flat slotted screen, with openings from A to * inch 
wide The undersize of this screen was discarded as waste, and the oversize 
was disintegrated further by log washing and screening on vibrating screens to 
recover the phosphate nodules and discard as waste the fine sand, clay, and 
fine phosphate. This process took advanUge of the fact that a large part ol 
the phosphate occurred in larger grains than the quartz. Naturally the 
loss of phosphate in the washer tailings was very high, in some instances 
amounting to as much as half of the total phosphate content of the washer 
feed 

The advent of phosphate flotation, about 1929, for recovery of phosphate 
from the fine material formerly discarded as waste, thus enabled some oper¬ 
ations to practically double their output of commercial phosphate from the 
same tonnage of raw material. The beneficiation of old washer tailings by 
flotation has alw been a commercial success. 

Present practice is to treat the ore first by alternately log washing and 
screening a few times, ultimately making a dividing point at the size at which 
quartz begins to lower the grade of the phosphate pebbles. Ordinarily this 
point of separation is around 14 mesh, but in some localities the grade does 
not suffer if minus 29- plus 35-mesh size is included with the pebble phosphate 
product. The washer screens are usually adjusted to ^ve a finished rock 
carrying about 6 per cent acid insoluble. The fines from these washing oper¬ 
ations are deslim^, conditioned with flotation agents, and floated. Grinding 
millq are used to grind the coarser portion so that the flotation feed is all 
through 28 or 35 mesh which is the maximum size for efficient flotation of 
the phosphate particles. 

In the marketing of phosphate the price is based on chemical analysis 
employing two special terms. The more important is B.P.L. which stands 
for bone phosphate of lime or CaiCPOOt. The other is I. and A. which stands 
for combined iron and alumina or FejOj plus AljO>. The grades of commercial 
Florida phosphate as sold by the producers range from 68 to 77 per cent 
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B.P.L. and generally the market requirements are that I. and A shall not 
exceed 4 to 6,6 per cent. 

In Table 91 interesting data reported by a flotation plant of the Phosphate 
Kecovery Corporation in Florida are reproduced. The variation of phosphate 
content with particle size in the feed is clearly shown, decreasing from 50 32 
per cent at plus 2S mesh to between 10 to 20 per cent in the minus 65-mesh 
The plus 65-mesh portion of the concentrate shows a somewhat higher 
grade than the minus 65-mesh portion, the insoluble content increasing 
rapidly with decrease in particle siae below 65 mesh. Similar data for the 
tailings show that optimum recovery is obtained below 35 or 48 mesh. Thua 
it appears desirable to have a flotation feed with maximum percentage in the 
48- to 65-mesh range. 


TABLE 91.— SUING TEaTS AND ASSAYS OP FLOTATION FEED AND PHODUCT6, 
NO. 2 PLANT, PHOSPHATE RECOVERY CORPORATION 


Tyler 1 

1 

CeleuUteit Feed. 

>ltll Coacentratee. 

Pbeepbete 

Teiliace. 

1 

Weicht 
Per Cent. 

: Per Cent 

I D.PX. 

Weijht 
Per Cfi. 

Per Cent 

B.PX. 

Per Cent 
Ifieoluble, 

Recovery. 
Per Cent. 

Weiibt 
Per Cent. 

Per Cent 
B.P.L. 

•f 20 
f 26 

Trace 

4.?7 

5032 

Trace 

6.29 

. 1 

78 58 

i!85 

47 8 

Treee 

4.81 

38 0.3 

f 35 

12.07 

35 78 

18 54 

78.07 

3.58 

74.1 

11.26 

18 90 

+ 48 

85.50 

20 36 

24.83 

78.37 

4 73 

87.5 

25.83 

a 28 

+ 05 

81.60 

17.12 

28.81 

74,08 

8 87 

88.6 

82.45 

1.50 

•flOO 

18.86 

15.77 

16.23 

70,28 

13 81 

83.1 

18.87 

1.80 

•f 150 

0.08 

11.68 

4.31 

64,68 

18 88 

81.6 

6.68 

1.20 

-160 

0.73 

16.44 

0.98 

47.17 

40 OJ 

81.7 

0.66 

8.65 

ToUl. 


■Kl 


75.05 



100,00“ 

4 


It will be noticed that all slimes minus 150 mesh are discarded, These 
slimes contain considerable phosphate, although they assay much lower in 
phosphate than the plus l^mesh material ^ing to flotation, but those 
slimes arc not readily amenable to flotation, The loss of value which they 
contain docs not seriously affect the overfall recovery of phosphate. 

The flow sheet of Washer 92 of the International Agricultural Corporation 
in Florida shows the method of treatment of the ore from mine to flotation 
plant; the flow sheet of Plant 4 of the Phosphate Recovery Corporation shows 
the treatment of the fine material. 

International Agricultural Corporation, Washer 92.—The flow 
sheet of this plant is given in Fig. 226. The washing operations are rather 
simple and follow the principles set forth in previous paragraphs; hence no 
further explanation should be necessary. 

Phosphate Recovery Corporation, Peubroke Flotation Plant 
(Plant 4).—This plant has a capacity of 50 tons per hour, and treats mate¬ 
rial from several dumps of w*asher waste accumulated some years ago. The 
flow sheet is given in Fig. 227, and explanatory notes are given in the following. 

1. One 10-inch Georgia Iron Works sand pump on suction dredge, pump¬ 
ing at the rate of 176 to 200 cubic yards of dump material per hour. Dredge 
operates 6 to 10 hours per day to ^1 flotation feedbins. From t^ngs dump; 
delivers to 2. 

2. One 4- by 12-foot trommel screen, A-inch openings. Oversise dis¬ 
carded as waste. From 1; delivers undersise to 3 and oversise to waste. 

3. One six-spigot Deister pipe classifier. From 2; delivers underflow to 
4 and overflow to 5. 
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4 Two 3- by 8-foot Link Belt vibrating screens, l+-m«h opening. 
sise fs sS>ed^ phosphate concentrate. From 3; dehver oversme to ra.l- 
road care and underaiae to 7. 

Hydraulic Mining 
Pipa Line Clasafier 


Oversiie 


T 


Minus I4mesh 


f l at Stationary Screen?^ -inch 
Ovajsize Unda^ize 

Trommel Saeen (H-inch 


Ov 


f 


'eraze 
To Waste 


Unde ^ze ^ | 
flat Stationary Screen !^ii>cli 

I-} 

Oversize Undersize 


Vibratin] Screen 
12 to 14 mesh 

Oversize ijn jarsize 

Log Washer No-I 



Roughing Class ifier 

Spigot 
**‘2dmesh 


Disc large Ov yftow 


Log Washer No-2 

t • - \ 

Discharge Ov grtlow 

Elev^ator No.1 

Vibrating Screens 
12 to 14 mesh 

Ovmze Undersize 




•ijinp 


Surge Tank 
SpiW Overflow 
Fahrenwafd Sizer 




^ve* 


Vibrating Screens 
20 mesh 


OvWsize 


UnArgze 


flow 


Elevator No. 2 
Vibrating Screens inch 


r 


Coarse Pebble 
Pho»hate 


Hydfoseparato r 

Un^flow Ov^fow 
♦ ISO mesh -tSPmesh 

To Flotation 
Plant 


sp, 

To Waste 


fine Pebble 
PI|osphate 

lins 6i|« 

RailrcM Cars Railroad Cars 


Bins 


Note: Screen and Classifier sizes 
are vanable to suit conditions. 


Central Drying Plant 

Fid. 229.—now fbeet. iDtercioUoDd Agrieutturftl Corporation. WMher 92. 



5. Four 2^foot feedbins. Overflow of these settlii^ bins is approximately 
minus 150 mesh. From 3; deliver underflow to 6 and overflow to waste. 

6. One 4“ by 10-foot rod mill. From 5; delivers to 7. 

7. One 6-foot duplex rake clas^fier. From 4 and 6; delivers sands to 
8 and overflow to 9. 

g. One 4- by 10-foot rod mill. From 7; delivers to 9. 
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(I) Sand Pump on Suction Dredge 
( 2) Trommel Screen 
Oversize Undersize 

(3) Deister Classifier 


To waste 

/ 


Underflow 

(4) Link-Belt Screens 


Oversize 
To Railroad Cars 


Undersize 


I (6) Rod Mill 

^-r—^ 

(7) Duplex Classifier 


Overflow 
(5) FeeJ Bins 

Underflow 


Ov^fl ow 
To N^aste 


( 8 ) 


Sar 

Rod 


ds 

Mill 


Overflow 


I 


(9) Bowl Classifier 


( 10 ) 

(11) 

( 12 ) 


Cond 


Sands 


III 

I 


tioner 


Ovvflow 
To Waste 


Conditioner 
Elevators 
(13) Rougher Flotation Machines 
Tailings Concentrates 

To Waste (14) Cleaner Flotation Machines 


Tail 


ngs 


Concentrates 
(IS) Dewatering Drag 
Overflow Concentrates 


X 


(16) Wilfley Pump 
To 9 orl3 


(17)E*evat«' 
(Id) Filler Bins 


Filtrate 


Wet Cone entrat e 
To Railroad Cars 


Flo. 227.—Flow oboot. Pboophoto Recovery Corporation, Feiobroke plest. 
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Q One 3- by 20-foot bowl clasafier, for desUming flotation feed. From 

iVom 10; divers to 12. 

lo^r'^y From 12 

an A 16* deliver concentrates to 14 and taiUngs to wasU. ^. 'TaiWnrra 
W^'Two three-cell 18-inch 

return to rougher machine 13 or to bowl classifier 9. From 13, deUver con 
“““'inne classifier. From 14; delivers dewatered 

“‘’''l6"'crnrWilfley"pu^p,'^retuming flotation middlings and return water. 
From 14, 16, and 18; delivers to 9 or 13. 

\l: ^S^e^'TseTfilte"^^^^^^^^ &?dlLer wet concentrate to railroad 

cars ajid^mtrate^^ie^^ovg^ *s overwze of 4 analyses about 73 P*'' 
phosphate of Ume, whereas the flotation concentrates contain from 76.5 to 

^he'general practice in phosphate flotation is to “id reagenta W the sand 
product of the ^wl classifier. These consist of sufficient alkali to J 

slight alkalinity to the pulp, a fatty acid, a V^niunX^ 

sirona frother. Total reagent consumption is less than 1.5 pounds per ton 
of feed The total operating cost in one plant over a penod of one particular 
month was 80.1322 per ton of 2000 pounds of feed. . 

In addition to straight phosphate-floUtion plants there is some applica¬ 
tion of the modified floUtion process of agglomeration and tabling, mentioned 
in Chapter XIII, for recovering phosphate from coarser sises than can be 
treated by froth l^tation. 



CHAPTER XVII 
GENERAL CONSIDERATIONS 


Previous chapters have dealt largely with ore-dressing techniques and 
process^. The successful application of these techniques and processes by 
the ore-dressing engineer depends to a high degree on his ability to integrate 
his ore-dre«ing knowledge in the design, construction, and operation of plants 
on a sound economic basis. The considerations in this chapter summarise 
these important aspects of ore dressing and deal in particular with principles 
of mill location, mill design and construction, mill operation, ore-dressing 
economics, milling costs, and evaluation of metallurgical results. 

Mill Locatiok 

Gexeral PRiNCiPLEs.-^The following points have to be considered: the 
distance from the mine; the amount and source of the water supply and its 
constancy during the whole year; the supply of fuel; the position of the power 
plant for steam power, water power, or electricity, as the case may be; th© 
accessibility of supplies and the shipment of the products; the room for dis¬ 
posal of tailing; the room for future additions; and the safety of the location 
from doods, snowslides. landslides, etc. The site must be so chosen that the 
greatest economy will result. 

It is obvious that the mill should be located as near the mine as possible 
and preferably slightly below the mine portal in order that gravity may be 
taken advantage of in transporting the ore to the mill. Although it la entirely 
foreign to the subject of ore dressing, it is worthy of note that the location 
is of sccondaiy importance, however, to the careful and exhaustive teste 
w'hich should be made on the ore with the proposed method of treatment, 
and to the certainty of an ore supply blocked out in the mine sufficient to 
keep the mill running for a considerable length of time after it is erected. 

It is cheaper to transport a few tons of concentrate than sever^ hundred 
tons of ore. Even the simplest tramming installation costs a few cents per 
ton in operation and maintenance, besides causing delays through accidents 
and repairs, so it is advisable to make such a line as short as possible both to 
reduce this cost and to increase the capacity. The delivery of the products 
is another matter which must be taken into consideration in the location of a 
mill. If the ratio of concentration is low* or the tonnage treated by the mill 
large, the efficient handling of such products is particularly an important one, 
for the cost of this operation may be large in the aggregate. If by choosing a 
different location for the mill or by len^bening the tramline slightly the 
concentrate may be moved more cheaply, such changes should certaiiUy 
be considered. 

The question of water supply must be fully considered in locating a con¬ 
centrating plant. Nothing outside of lack of power handicaps a mill more 
than shortage of water. Other defects in the mill scheme often may be reme¬ 
died; but if water is not available to transport the ore or to treat it efficiently 
in the machines, the operator is helpless. It follows then that, not only 
should the mill be located close to an ample supply of water, but this supply 
should be sufficient to take care of future growth and above all be prot^ted 
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^^fe/‘and often a few^otand dollars^si>ent on the initial installation may 

an important and even 

Jfce Sl^sal of waste from a concentrating plant Una 

^^ratoVs troubles, but such is often not the case. A tmllion fo"® ‘“'*".8 
wver a considerable area of grounded many mines in 
^Huce waste in that quantity. The author calls to nund a Compaq 
wbic?. started operations on a large copper dep<^t noth a mill havin^g a capacity 
T- iKnf) tons DM day This imll was enlarged step by step until today it 
r treatine over 10,WO tons per day. Ore reserves, meanwhil^ increased 
trom 40000,WO tons to over ^,000.000 tons, (^nfronted by the ulOmate 
of such an enormous amount of material and not having sufficient 
dum^g room near the mill, the company had to PUt in a flume line some 15 
mi) C8 long at a cost of several buodreil thousand dollars. t 

Of almost equal importance is sufficient room for future growth. Large 
coManies frequently can start with a pilot mill of say 100 tons per day capac¬ 
ity ^ In this small mill they can work out the deUils of the flow sheet and on 
tb^ basis of such experience build a la^ plant capable of 
thousand tons per day. The average opera^r, however, finds hi mseUm a less 
advantageous position. He must staH with a imU which may be amall but 
which must satisfy the requirements of the mine. This may later be enlarged 
as ore reserves or the demand for the product warrant. Since all mines have 
“ch possibilities, it is wise in locating a miU to do so with an eye to future 
flTowth. The present trend of mill design, eswially m large plants, is toward 
the unit system. Each section of such a mill is a unit in i^lf and may be 
started or stopped without interfering with the rest of the mill. Each section 
ie capable of treating from 400 to 1000 tons per day. Such design, pro\ ided 
that there is sufficient room for lateral growth, is capable of any degree of 

Safety from floods and snowslides is another important consideration. 
In the tropics and in districts subject to sudden and torrential downpours of 
rain, the danger from washouts is a serious one. The mill foundations should 
be protected by retaining walls and culverts, for not only may wash^it.^i 
close down the plant but they may seriously damage the mill structure. 1 he 
auestion of snowslides is of prime importance m regions of heavy snowlalls 
and precipitous slopes. Such slides are generally confined to certain areas 
and it is usually possible to locate the mill so that it will be out of reach of 

In a few cases mills have been located underground, either because of 
snowslide peril and lack of suitable surface site in precipitous mountain 
districts or because of extreme climatic conditions as in the arctic remons. 
An excellent example is the large underground mill of the Empire Zinc Com¬ 
pany at Gilman, Colorado. 

Flat and Sloping Sites. —This subject has been touched upon bneny 
in the preceding chapter. Broadly speaking there are two types of mills, 
the hillside type and the level type. The hillside type has been shown m 
section in Fig. 209 and the flat type in section in Fig. 2126. Concerning the 
advantages and disadvantages of each type, there has always been considerable 
dispute. On the one side the extreme opinion is advanced that the slope of the 
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mill should be such that the pulp, once started, will flow through the mill 
unaided by any other force than gravity. At the other extreme are the 
advocates of the flat site. By far the larger percentage of concentrating plants 
are of the hillside type, but this is probably not because of particular advan¬ 
tages but rather because most mines are situated in mountainous districts and 
the operator has none but a sloping site available. Each mill presents a 
different problem and more often than not the type of mill is determined by 
the topo^aphy of the surrounding country, the location of the mill, or the 
scheme of treatment employed in the mill. For the general run of conceri- 
tratmg planta a gently sloping terrain, from 15 to 28 degrees, offers the most 
suitable ground. On such a «te only a few elevators for the main flow of pulp 
are necessary- It is generally agre^ among authorities that a few elevators 
do not constitute a serious disadvantage. On a flat site, elevators are needed 
at almost every break in the flow sheet, and their operation and maintenance 
are both e:j^nave and troublesome. A steeply sloping site, on the other hand, 
has many disadvantages, first, if the floors are to have a reasonable width, a 
great deal of retaimng wall must be built to protect the foundations properly. 
Sucii retaining walls, either of concrete or of masonry, are expensive to build. 
In extreme cases the floors may be made narrow to cut down the cost of the 
retaining walls or a part of each floor may be hung from the roof. The first 
expedient unduly lengthens the mill; the latter cuts down the visibility and 
interferes with the movemenU of the operators. There is a balancing factor 
in that, with such a great slope, the trommels, screens, and classifiers can be 
brought closer to the concentrating machinery, thus reducing the height of the 
building and consequently its cost. In most concentrating plants, there are 
constant alterations in the flow sheet due to developments in the art or changes 
in the tonnage or the character of the ore. With narrow steplike floors such 
changes, if not impossible, are expensive. Further, the amount of labor 
necessary to operate such a mill is greater than if the mill were located on a 
more gently sloping site. Other objections to the steeply sloping site are the 
great amount of climbing necessary for the superintendent in the course of a 
day’s work, and the difficulty and expense of moving heavy repair parts from 
place to place in the mill. 

Mill Desxok akd Construction 

Process \nj> Flow Sheet. —Before any steps are taken in the actual 
design of a concentrating plant, an extensive testing program is carried through 
on the potential mill feed. The concentrating process is worked out in as 
much detail as (xissible, and fair approximations of the expected metallur^cal 
results, flow* sheet, and costs are made by interpreting the testing results in 
the light of previous practical experience. The importance of carrying this 
preliminary w*ork as far as possible before starting to plan the mill cannot 
overemphasised, as there have been too many unnecessary instances in the 
past of partially or completely redesigning new mill« after an expen^ve and 
difficult program of testing on a full-size plant scale. Final plans for large 
plants .should be made only after trials in small pilot mills closely approaching 
operating conditions anticipated in the large plant. Methods of testing ores 
and developing flow sheets are taken up in some detail in Chapter XVllI. 

Inasmuch as it is impossible to anticipate all operating conditions during 
the testing program preliminary to flow-sheet design, the possible effects of 
future minor or major variations in the ore or in the conditions should be 
considered carefully. For example, few mines yield a mill feed running the 
same in valuable mineral content at all times. Hourly, daily, monthly, and 
yearly variations in the ore composition are to be expected. Whereas the 
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S?i mSlSf ig, as foUows. The first sieve* are run with a thick tetwm 
bed to ^eld a clean concentrate, and the last sieves we run mth a 
bed yi^ding a low-grade middling product and a clean tailing. An 
b thriXable mineral content of the jig feed will result in more valuable 
mineral passing the first sieves without being saved but will not materially 
affect the final jig tailings, as the excess is absorbed m the increased amount of 

™‘^Ano^erTmporta*^consideration in carrying over testing results 
operation is that dclica*c operations or delicate separations possible m testing 
WMk by careful adjustment and close personal attention are sometimes not 
capable of reproduction under plant conditions. Thus the flow sheet finally 
adapted ehoufd have some margin of safety in this regard, m well ^ ™^ou8 

to ^ssible variations in operating conditions discussed in the preiious 

’^“^iTwneral. the richer the ore the more thorough is the milling process, 
and thl more careful is the milling operation. This is tecause the higher 
values warrant the increased expense of additional careful treatment m order 
to obtain a high recovery of the values. Low-value materials, such as iron 
ores and coal, cannot afford expensive treatment, and plants for such matenals 
are simple in nature and have large capacity.^ Usually such matenaU arc 
relatively high grade to start wth, and the objective is the elimination of a 

comparatively small amount of waste by a low^ost concentrating operation 
with less attention to high recoveries and to production of jow*grade tailings, 
because, even though the actual assav of the tailings may be relatively high, 
the unit value of the metal or mineral is so low that the actual monetary loss 

in these tailings is not great. ^ , .v . 

The mill treatment should chase the values just as long as the amount 
recovered yields a profit over and above the cost of getting them; in reckoning 
this cost, the interest on the investment should be included. Losses occur in 
the form of included grmns which have small amounts of mineral attached to 
gangue particles and thus go into the tailings and also in fine slimes which are 
difficult to save. This slime difficulty, which was serious when gravity con¬ 
centration was the sole process, has been alleviated by flotation, which has 
reduced to 5 microns or less the upper limit of sise of these difficult slime 
grains. 

The fundamental principle of concentration has been to save the concen¬ 
trate as coarse as possible, making a middling product to be recrushed and 
re-treated and often also crushing the tailings finer before throwing any away- 
increased use of flotation has modified this somewhat. The finer the ore is 
crushed, the less is the proportion of included grain middlings, but microscopic 
work shows that some included grains persist even down to the finest micro¬ 
scopic sizes. It is a good rule that recrushed middlings should be given a 
separate concentration treatment. However, often this complicates the 
flow sheet unduly, and it is more practicable to return such middlings to the 
main ore stream. In the latter case the best point of return is that where 
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the mineral content of the ore atream is approximately the same aa that of 
the middJiDga to be fed into it. 

Just how far recrushing and relreatment of middlings should be carric»i 
before they are made to disappear by final separation into concentrates as)d 
tailing, is a ^parate problem for every individual ore. An extreme cxami::- 
IS the finely disseminated lead-*inc ore of the Sullivan mine where the princii 
19 followed m the mill of regrinding all flotation middlings before returning thetn 
for further flotation. ^ 

AND Expected Life. —The determination of what size miil 
to build IS b^d largely on economic considerations. Important factors are 
the extent of known, probable, and possible ore reserves; the nature of t*\e 
or^K^ssing process required; the nature of the mining operations; marketi'^g 
and financial outlook; and the amount of money which can bo raised to build 
the plant. In large-scale operations somewhat more elaborate proces-ses are 
usually justified than in smaller scale operations treating the same type of oie. 
Also mills w'ith longer life expectations frequently can use more elaborate 
processes with advantage. 

Knowing the ore reserves, the probable life of a mill of any gi\'en capacity 
can be calculated directly. Using this figure for the life of the mill with an 
estimate of the first cost} it is then possible to estimate the amortization and 
depreciation charges^ per ton of ore to be treated. By combining thiw 
charges with the estimated operating costs for a plant of the given capacity, 
the total milling cost per ton of ore may be estimated for any given capacity. 
Comparison of such cost «timates for various mill capacities will bring ciit 
the approximate mill capacity which should give maximum profit. However, 
other factors such as mining costs or financial and marketing considerations 
also have considerable infiuence on the final choice of mill size. 

Choice of Equipuent. —When the process and flow sheet for the ore hpv« 
been established and the capacity of the projected mill baa been decided, 1Uc 
choice of equipment is the next step in the design of the mill. Data and 
experience from operations in other mills, especially those treating ores of 
similar nature, if available, are most useful in the selection of equipment. A 
great deal of value can be extracted from operating data on individual machin^'i 
supplied b>; equipment manufacturers, if the designer is careful in picking fr..»m 
such material only data for operations under conditions similar to those for rhe 
contemplated mill. Some of the larger equipment manufacturers mwntain 
complete engineering staffs for service and advice to customers and potenvi^ 
customers. The modern salesman of equipment is an engineer as well a.'^ a 
salesman and may render valuable assistance in the design of the mill and even 
in choosing equipment. 

Some of the most important points to be considered in buying ore-dressing 
equipment arc discussed briefly in the following pars^raphs. 

Strength and Dura6tWy: Repairs, Upkeep, and MainUnance Coele .—Tiie 
ability of a machine to withstand continuous hard usage and occasional mis* 
tained overloading with a minimum of mechanical attention is of the utmost 
impK>rtance. Any accident to a machine requiring shutting down of the encire 
plant may result in a loss several times that of the cost of the rep^rs to the 
machine alone, particularly when the mill is in a remote or isolated district 
where repairs are apt to be difficult. Wearing parts should be easily and 
quickly replaceable, if possible, so that shutdown of the whole mill is not 
necessary during replacement. 

Simplicity and Ease oj Adjueiment .—Machines should be constructed 
simply, 80 that they can be understood and operated by the class of workmen 

^ These arc discussed later in this chapter under Overhead Costa. 
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number of adjustment shouW be a designed so 

oper^^tion necessary m the mih. M frpnucntlv can be made easily 

3ss=““|^H=/£feSSi= 

&1ISgiS=l£FSis,| 

K„?*W in s^c cases one type of machine may have a particular efficiency 
^vantag^ forThe oTto ^Tated, and this may be found ^ther by testing 
^rious types of machines with the ore or by a careful study of operating data 

^"’po'w^^'c^gumplion.—Power cost is one of the major items 

expense; hence power consumption is an ore treated 

of mdividual machines, A low ^wer iXo'lnU^ 

reflects careful engineering in the design of the machine 

is the basis on wTiich a final choice is made. However, it should first be 
established that the low power requirement is not accompanied by a corre- 
Sndingly low mltsllur^cal efficiency as is possible in some classes of 

““cap^V.—Manufacturers’ data for capacities of their \l 

taken only as approximate figures for average conditions. The variations to 
be expected fronf these capacity figures can be estimated from *''® 
the iSoratory work on the ore, allowing some mai^in of 
grinding capacity of a given sise of mill depends on the hardness 
Opacity of a flototion machine depends on the rapidity of flotation of *he ore, 
and capacity of a thickener depends on the s^mentation properties « t^c 
pulp to be thickened. The equipment manufacturers wdj test ore sa^pks 
submitted to them to estimate capacity data for their machines on the partic- 

ular ores to be treated. .... 

Experience in large concentrators, notably in the copper concentrator m 
the Southwest United States, has shown the advantages of using a few machine 
units of high capacity rather than a greater num^r of lower capacity units. 
The total initial cost of a mill of a ^ven capacity is lower w'hcn high capacity 
units are used, and furthermore the frequency of repair gobs is lower, maint€^ 
nance requires less labor and supplies, and a fewer number of men are required 

to operate the mill . _ ^ n 

Size’ Headroom and Floor^epace HequiremenU. —Compactness ol the mill 
with good accessibility of all machines requires a corresponding compactness 



432 


TEXTBOOK OF ORB DRESSING 


of the machines in the mill. Floor-space economy is particularly important in 
designing a large mill wth many machine units. Headroom must be con¬ 
sidered occasionally for installations where the ceiling is low or where the* 
over-all height of the mill is limited and the machines are on two or more 
superimposed doors. 

Saving of mill head is important and a machine requiring low mill head 
that is, difference in elevation between the level where the feed enters above 
and the level where products are discharge beneath, is to be preferred to a 
machine doing the same work but requiring more mill head. Incidentally, 
in designing a mill, ample allowance for mill head should be made so that ore 
and products will flow readily by gravity from one step to the next and even 
provide for later alterations or introduction of additional steps of treatment 
without necessitating any installation of elevating devices in order to get 
the material to the new apparatus. 

Initial CoH .—Initial cost alone should not be taken as a guide in choosing 
equipment, tis the operating, repair, and maintenance costs are usudly of more 
significance in the long run. 

Location and Acctseibility of the Mill .—The si»e of machine units may bo 
limited by the transportation facilities available to the mill site. It may be 
necessary to use sectionalised machinery if full-size units of the size needed in 
the mill cannot be brought to the mill site. However, light sectionalized 
machinery should be avoided wherever possible, as it may not stand up prop¬ 
erly under long service. 

PowBR.^The location and size of the mill usually determine the kind of 

C wer to be used. Older plants were driven direct from steam engines to a 
gc extent, but sometimes by internal-combustion engines and occasionally 
by water power, if available close at hand. These methods still exist in some 
old mills which have not been remodeled and even in a few* later mills which 
have only small capacities, but modern mills in jpneral use electric power. 

It may be possible to buy electric pow*er relatively cheaply if a large pow'cr 
plant is located within reasonable distance. If power cannot be obtained 
satisfactorily in this way, the mill must put up a pow'cr plant for generation of 
its own electricity, which may be a hydroelectric plant, a steam-power plant, 
or a Diesel plant. The choice between these depends largely on the avail¬ 
ability of water, coal, gas, or fuel oil at or near the mill location and on the rela¬ 
tive cost of the fuels. Whatever the source of power, it should be steady the 
year round and not subject to interruptions which would cause costly shut¬ 
downs of the mill. 

Electric motors remiire much less attention than steam en^nes and are 
much more efficient. There is much less loss in transmission w*ith electricity 
than with steam, so that in large installations it is possible to make considerable 
saving by ha\4ng a central power plant serving several mills or mines. The 
electric motor with its constant speed furnishes an ideal drive for concen¬ 
trating machinery so that in recent years there has been a decided tendency 
toward individual or group motor driving. 

Small plants may be designed to advantage with the pow*er plant in the 
mill to economize on building space and operating labor. As noted above, 
the entire mill may be driven direct from the power plant or the power plant 
may drive directly a few conveniently located machines in the mill and generate 
olectricity for the remainder of the mill, for lighting, and for other applications 
around the mill and mine property. 

For larger mills with separate power plants the most desirable location may 
be at a variable distance from the mill, wherever the fuel, water, and other 
supplies can best be handled. In such latter power plants alternating current 
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tra^ormcd at the mill to the voltage required for the motors. 
is not used much, except in smaller plants, because it does not have the hexi- 
bility of application of alternating current. A small direct-current generator, 
however, may produce current for driving direct-current motors for vanab|^ 
speed operation and for other special purposes such as direct-current magnetic 

separators. ... 

Electnc Afofers.—Three-phsse alternating-current induction motors are 

the most widely used type of motors. They are not affected so much by dust 
as other classes of motors, owing to the absence of commutatore. Larger 
motors, 50 horsepow'er and over, are made to operate on 440 or 2200 volts. 
Smaller motors may operate at 440, 220, or 110 volts. 

Plants consuming much power may have one or more synchronous motors 
to act as power-factor correctors. Several plants use synchronous motors in 
this way to drive some of their grinding mills. ^ ^ . u * 

If a relatively high starting torque Is required, a shp-nng motor is better 
than an induction motor. Slip-ring motors, also called “wound-rotor induc¬ 
tion motors,” are also applicable as variable-speed motors under some 
circumstances. . 

Shunt-wound direct-current motors are most satisfactory for vanable- 
speed purposes. Speed Is controlled by a fixed rheostat. 

Recent improvements in switches and motor-control devices have led to the 
elimination of starting boxes and open switches from new installations. Push¬ 
button remotc-controT starting and stopping switches are much safer and more 
convenient and give the motors better protection. Their introduction has been 
accompanied by the introduction of interlocking switches and other safety 
arrangements, with which, for example, stopping one machine in a crushing 
circuit automatically stops those preceding it in the circuit, including feeder.H 
and conveyors, or with which machines may be controlled from several points 
in the mill in case of emergency. 

Powr Transmusion. —The motors may drive the machines through direct 
couplings, or the power may be transmitted through fiat belts, V belts, chain- 
sprocket arrangements, or gears. Considerable attention has been ^iven to 
power-transmission methods in the last 10 years or so, with resulting improve¬ 
ments in mechanical efficiency and reductions in wear and maintenance costs, 
lubrication costs, and operating hazards. 

\Vhere one prime mover exists, as in older mills, systems of line shafts, 
countershafts, and flat belts are used to drive all the machines. Rope drives 
are employed for long transmissions. Flat belts are usually of leather, but, 
since leather belting comes to pieces when wet, it is necessary to use rubber 
belts in damp places. Using a single prime mover, individual machines are 
started and stopped by clutches or by belt shifting between tight and loose 
pulleys. Power losses and lubrication and maintenance costs are relatively 
high by modem standards, control of individual machines is somewhat incon¬ 
venient, and the belts to overhead line shafts are definite operating hazards if 
they are not well protected by enclosures. 

Modem practice consists in using individual electric motor drives, or 
group drives for small numbers of adjacent machines. When individual drives 
are used, any machine may be stopped or started without interfering with the 
operation of the other machines in the mill. The initial costs of the larger 
number of motors needed are somewhat greater than the costs of the line 
shafts, pulleys, and belts which they replace, but this is offset by lower over-all 
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Operating and maintenance costs as well as by the greater convenience and 
safety of the individual drives. 

Short>center belt drives from individual motors are satisfactory for many 
purposes. A weighted idler pulley, suspended on a hinged lever, keeps the 
belt tight and also gives a larger angle of contact of the belt with the smaller 
pulley. 

V belt or Texrope drives are a comparatively recent development and are 
used in many recently built mills. V belts are trapesoid in cross section, with 
the inside and outside faces parallel and the sides sloping inward toward the 
inside at an angle of about 40 degrees to each other. The sheaves are grooved 
with similarly sloped grooves, ^ooves being made deep enough so that there 
is some clearance between the belt and the bottom of the groove. Thus the 
belt virtually wedges itself into the groove, and the heavier the load is, the 
tighter it is held, up to a certain point. The number of belts for one drive 
depends on the amount of power to be transmitted. The belts arc made by 
vulcanising cotton fabric and cords on a rubber core and are endless. The 
lengths of belts manufactured are stepped at intervals sufficiently close that no 
limitations are imposed on the lengths of drive which can be used. Multiple 
V belt drives have demonstrated a number of advantages over other types of 
drives, as follows: low initial and maintenance costs, low power loss, ability to 
give high ratios of pulley diameters up to 7 to 1 at short centers without idlers, 
silent operation, resilience which alleviates starting shocks, and ultimate 
slipping if machine becomes locked. 

Gearing has the advantage for some purposes of affording a positive motion 
without any chance of slip. Moreover, it allows much greater speed reduction 
in one step than is possible with belts. Open gears should be avoided in mills, 
for dust, dirt, and moisture cause excessive wear and low efficiency. The 
efficiency of a set of gears depends on the desi^ of the gears, in particular on 
the tooth profiles. Cast gears have high friction losses. Ordinary machine* 
cut gears may have somewhat inaccurate tooth profiles. Best results arc 
obtained with gears having generated teeth, in which the tooth profile is 
accurate for the gear diameter, pilch, and tooth angle of the gear. Generated 
gears run quietly and smoothly with efficiencies of 97 per cent and over. 

Enclosed reduction-gear units are used for driving slow-speed apparatus, 
such as grinding mills, feeders, conveyors, and elevators. Three types are 
used, depending on reduction ratio and other operating requirements: (1) 
worm gears; (2) spur, hebcal, or herringbone gears; and (3) planetary gears. 
These units are enclosed in oiltight cases which protect them from dirt, moist¬ 
ure, and other damage. An oil change is good for several months. Up to 
250 horsepower may be handled at reductions from 1.6 to 1 up to 1200 to 1 at 
high mechanical efficiencies. 

Antifrktion Bearings .—Ball and roller bearings are used to some extent, 
particularly on conveyors and flotation machines, and probably will find more 
application in the future. They wear more slowly than ordinary sleeve bear¬ 
ings have low friction losses, and operate with much less lubrication. 

Mill Layout and Arranobmbnt.— The ultimate success of the mill 
designer depends largely on his abibty to anticipate all the problems which will 
be encountered, (1) in the actual construction of the mill and (2) in the opera¬ 
tion of the mill. The solutions of these problems are worked out carefully on 
paper before any construction work is started, in sufficient detail so that the 
construction blueprints will not r^uire any major modifications once con¬ 
struction has been started. It is important that the detmls be worked out 
carefully in the drafting stage, for otherwise it may be found that one or two 
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unimportant-appearing details wiU necessitate later rather major changes in 

A very useful procedure in working out the mUI arrangement consists in 
first making templates of the machines which are to be u^d in the null. 1 heso 
templates are made on the same scale as that adopted for the drawings 
mill, usually i or J inch to the foot, and should be m^e m thr^ views. The 
various possible arrangements can ^ found quickly and set up in detail 
si mol V by moving these templates around over the drawing. .... 

Fhw of Ore .—One of the first requirements to be considered m laying out 
the mill is that the machines should be located with respect to each other so 
that the main bulk of the ore follows a relatively riraple route through the mil, 
flowing by gravity as much as possible. Complete gravity flow from the mill 
bin to the tailings exit is not essential by any means and, even when possible, 
does not always give the best mill arrangement. On the other hand, even in a 
flat-site mill, pumps, elevators, and conveyors may be kept at a minimum by 
providing for gravity flow through groups of consecutive steps ^d pro¬ 
viding elevating arrangements only between these groups of steps rather than 
between all the steps. . 

Horizontal and Vertical Organization .—Large concentrators are as ^ 
laid out on a unit system of some kind as has b«n mentioned in Chapter XV1. 
The division of the plant into separate units, each unit operating niore or less 
independently of the others, greatly reduces operating difficulties with the plant 
as a whole. A breakdown in one unit and a shutdown for repairs do not 
interfere with the operation of the rest of the mill and cause only a fractional 
reduction in mill output rather than a complete loss of mill output for the time 
of shutdown. _ , . , ... xl * 

Horizontal organisation of the mill conrists in the layout of the null so that 
the ore stream is divid^ into parallel parts, each part passing through one 
section of the mill. All mill sections are usually identical or nearly identical 
in flow sheet, machines, and operating conditions. As an illustration, each 
steam stamp in Lake Superior native copper mills, with the subsequent 
apparatus concentrating its product, forms an independent unit, and similarly 
flotation mills are generally sectionalited. In the New Cornelia copper mill in 
Arizona every grinding unit, of which there are eight in all, has its separate 
flotation cells and other apparatus so that each one of the eight sections oper¬ 
ates entirely independently of the rest. Horisontal sections allow curtailment 
of mill output for economic or other causes, as some units may be closed down 
and the remainder operated at full capacity and full efficiency, rather than 
operating the whole mill at part capacity and probably also at lower efficiency. 
Experiment^ work on a large scale is possible, as different sections of the mill 
may be operated under different conditions or with flow-sheet variations to give 
directly comparable data. Sectional arrangement also aUow*$ variations in 
treatment for ores of different types or different grades of richness, especially 
in custom-milling plants. It is not necessary that all stages in the concentra¬ 
tion process have the same number of horizontal sections. For example, all 
dry crushing, even in large mills, may be in one or two sections only, the grind¬ 
ing and flotation may be divided into several sections, and Anally the sections 
for thickening and filtering the flotation concentrates may be fewer in number. 
It is an easy matter either to recombine the ore streams partially or further to 
subdivide them between stages having different numbers of sections so that 
all machines operate at maximum capacity. 

Vertical organization consists in the layout of tne mill to make the operation 
of the machines in each stage of the treatment somewhat independent of the 
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preceding and succeeding operations in tbe flow sheet. Such divisional 
arrangement obviously cannot give complete independence in operation and 
is dependent on conservative storage provisions between stages, by ore bins, 
surge tanks, and sumps. Dry crust^g is commonly separated from wet 
^nding and flotation in thb way. Each division may be shut down for a 
time without affecting other divisions, but a prolonged shutdown of one division 
will necessitate shutting down the whole mill section. Incidentally, the bins 
and surge tanks between divisions are a great ud to uniformity of operation, 
as the ore is well mixed and also feed rates to individual machines may be 
regulated closely for best results without the neces^ty for considering the effect 
of variation in feed rate on machines in the preceding and succeeding divisions 
in tbe flow sheet. 

FUxihility, —Very^ few mills operate their lifetime just as originally con* 
structed. Changes in the ore body, economic changes, and improvements 
and discoveries in ore-dressing practice are the rule rather than the exception, 
and ample provisions should be left for internal changes in the mill flow sheet 
as well as for future expansion and increase in mill capacity. In fact, at the 
time the mill is constructed, it may not have been possible to fix satisfactorily 
in the laboratory the best flow sheet for the ore; under such conditions the 
arrangement of tbe machines must be such that variations in the flow sheet 
are made easily by chai^ng the path of the ore without relocating machinery. 

General Features .—Compactness in machine arrangement reduces the 
initial cost of tbe building and also facilitates supervision and control of the 
mill. However, it should not be obtained at tbe sacrifice of working space; 
all machines should be easily accessible on all sides so that a^ustmente, 
repairs, and replacements are readily made. Machines requiring periodic 
replacement of heay^ parts should be serviced by overhead cranes or hoists. 
Unobstructed visibility through tbe mill is a benefit to supervision and also 
makes the mill safer for the workmen. 

Ample capacity should be provided so that no machine will be forced 
beyond its economical limit. 

Two different machines may be coupled so that one makes a clean, rich 
concentrate while the other makes a clean tuling. For instance a roughing 
fiotatioa machine making a clean tailing and a dirty concentrate sends its 
concentrate to a cleaning fiotation machine making clean concentrate and a 
rich tailing which goes back to the roughing machine. 

The question, shall machines be placed in series or parallel to do a given 
amount of work, is an important one. As a rule, it will be found that it is 
considered preferable to use the parallel arrangement. For example, having 
a given amount of ore to be jigged on two jigs, the ore is divided so that each 
jig treats half rather than running all the ore over the first jig and then the 
tailing of the first over tbe second. While it is true that the latter arrange¬ 
ment has the advantage that a grain of concentrate has to run the gauntlet 
of the second machine, yet the ore has to be rushed at such a speed over 
the jigs that the chances of losing concentrate in the tailing are probably 
greater than with the parallel arrangement where tbe stuff is treated at such a 
decreased rate that the separation has time to take place. There are, however, 
special cases where tbe series arrangement b used. Whether this is an advan¬ 
tage has not been proved. 

CoNSTRTicnoN OP MiLL BoiLDiNos.—The most important thing is solidity. 
The special points to be considered are: (1) strong foundations to stand the 
weight of the ore bins, hea\'y machinery, and vibration from the latter; (2) 
framing of sound materials and well put together for the same reasons; (3) 
floors double, made tight, and with a slight slope in one direction toward a 
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catch launder and sump to prevent accumulation of pools of 
to allow ease of cleaning and catching anything of value which may 
snilled thereon; (4) walb and roofs tight to keep out cold and wet; (o) all 
possible precautions against fire; (6) good light and ventilation; (7) plenty 
of room, ease of access to all parts, and ease of making repaire. j. * • * 

In Europe and in a few of the older and firmly established mining oistncts 
of the United States, mills are frequently made of brick or stone. ^ In the 
past few years, and especially when the mine is likely to have a fairly long 
life, practice in this country has been to construct a nearly fireproof structure 
of steel and concrete, including concrete for floors and for machinery found¬ 
ations. Concrete floors are tight, and launders and sumps may be built 
directly in the floors. Although concrete is strong and permanent, it has 
one disadvantage in comparison with wood that changes of flow sheet and 
rearrangement for new machine foundations are more expensive. Iron grat¬ 
ings may be used over floor launders and sumps and also for the elevated 
working platforms around machines. For small mills and for mills of a more 
or less temporary nature, wood is still the universal construction on account of 
cheapness and ease of working. The sides of mill buildings may be boarded 
and the cracks battened, but it is better practice to double-board the sides and 
obviate the danger of cracks forming when the lumber shrink.^. Corrugated 
galvanized iron is another very common material for enclosing mill structures, 
especially where transportation or lumber is expensive. It is stronger and 
more durable than wood and is fireproof, t hereby saving premium.s fori nsu ran ce¬ 
lt b also easier and cheaper to fix in position than lumber. It has a dis¬ 
advantage though, due to its high heat conductivity, in that mills thu.s enclosed 
arc expensive to heat in the cold countries and are likely to be hot in the tropics. 
Instances exist in some very modem mills of the use of steel frames with 
walls of hollow tile which is a particularly good insulating material in cold 
climates as well as being fireproof. Concrete blocks are also used sometimes 
for walls instead of tile. 

Plant. —In addition to the mill itself, other buildings are necessary. 
The power plant has already been mentioned. The carpentry shop, the 
machine shop, and the blacksmith shop usually serve not only for the mill 
but for the mine, especially in small plants where the mill is near the mine. 
In some cases these shops serve the mill and the smelter. The three shops 
may be all in one building or more commonly the blacksmith shop and the 
machine shop may be in one building, either together or separated by a 
partition, w'hile the carpentry shop is in a separate building. As a rule, 
machine shops are not very elaborate, their equipment being generally con¬ 
fined to one or more drills, lathes, and planers, and perhaps a milling machine. 

The assay office is usually in a separate building or in the building with 
the superintendent's and other offices. The assay omce should not be located 
in the mill because the vibration is bad for the balances. Ore-testing and 
research laboratories are usually mjdntained at larger plants. The assaying 
and testing laboratories may serve both mine and mill, mill and smelter, or 
all three, depending on their relative locations. 

Where a mill is built in an isolated locality, capital must be provided for 
many other facilities than those mentioned above, such as a foundry, and 
buildings for stores and supplies, administration, housing and feeding the 
staff and employees, recreation, education, library, hospital, etc. For the 
New Cornelia mill at A jo, Arizona, and for numerous other mills in the w'est 
this has involved the laying out and construction of an entire town with houses, 
stores, hotel, schools, water and sewage systems, and all the other items of a 
modem community enjoying all the comforts of living and recreation, 
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Heatino, Liqhtino, and Ventilation. —Heating is usually done by 
steam, using when possible the exhaust steam from the mill or mine engines. 

In cold clin^tee some form of artificial beating must be used, or the efficiency 
of both the operators and the machines will suffer. In small isolated plants, 
which do not warrant a steam installation, small open stoves or “salamanders** 
serve to make the mill more comfortable. 

Ventilation in a mill usually takes care of itself, for it is necessary to have 
so many large openings for the removal and transfer of machinery that pure 
air readily finds its way in from the outside. Dust, however, is not so easily 
controlled and is bad for both the workmen and the machines. In most mills 
water is added early in the flow sheet, and this cuts down the formation of 
dust. In dry milb a large amount of dust is unavoidably formed, and there 
may be oi^niogs in the roof or sides for conducting it to the outside mr, but 
in lar^ mills some form of dust collector is well worth the cost of installation. 
Keeping the mill free from dust not only improves the morale of the worldng 
force but also materially cuts down repairs and renewals of the mechanical 
apparatus. It is significant of the present trend toward amelioration of dust 
hazards against health that the majority of the large copper mills of the west 
and also a number of foreini mills have installed the L3mch system of dust 
control for the removal and collection of dust by the use of housings around 
dusty machines, suction flues, exhaust fans, and cyclone dust catchers or filter 
bags. This gives a cleaner mill and a healthy atmosphere and at the same 
time avoids metal losses in the dust. 

Lighting, either by natural or by artificial means, is another consideration. 
In a concentrating mill the efficiency of the process often depends so much 
upon visual observations by the workman that no man can oe expected to 
do his w'ork without sufficient light. Side windows and skylights should 
be provided to give light during the day, and plenty of electric li^t for ni|ht 
work. Whitewashing the inside of a mill does much to improve the quality 
of the light. Electricity is almost universally used as the source of artificial 
illumination. The electric arc too enables toe natural color of the minerals 
to be easily recognized. The Kernst lamp and mercury arc are being installed 
in the mills to a limited extent. Recent studies of these lamps and other new 
types of vapor lamps have rendered available to the mill man means of illu¬ 
mination which in power, intensity and character of light, and absence of 
shadows closely approximates real daylight. 

Mill Operation 

Successful mill operation is contingent to a gwat extent on the ore, the 
concentration process used, and the technical efficiency with which the treat¬ 
ment is adapted to the ore. These factors in mill operation have been covered 
in the earlier chapters dealing with the various ore-dressing processes and their 
applications, but a few other factors should be considered of almost equal 
importance in mill operations but dealing more with general policy than with 
technical principles. 

Continuity or Operation. —Maintaining operation 24 hours a day, 7 
days a week is one of the primary concerns of the mill superintendent, and his 
ability to keep the wheels turning is one of the most important faictors deter¬ 
mining his success in his job. Unforeseen shutdowns, even for a few minutes 
or only an hour, may necessitate several hours' work in some depwUnents of 
the mill to resume stable and continuous operation. Even a few minutes' loss 
in operating time represents a measurable loss in profit, because most operat¬ 
ing costs continue regardless of whether any concentrate is being produced 
or not. Periodic shutdowns, perhaps once a month or less often, may be 
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planned weU ahead of time and aU preparation made so that the 

repairs or changes can be made efficiently and thoroughly without unroasona* 

^ Real continuity of operation also implies the m^tenance of ^ ore feed 
at a uniform rate and of a uniform grade, Mse, and character and other adjust¬ 
ments in all parts of the mill as constant as possible. Even though it may 
appear that one machine is temporarily out of adjustment, readjustment 
should not be attempted immediately without careful consideration of the 
possible effects of the change on other machines. Once a mill has been 
established in operation, many minor variations noticeable to the operator will 
correct themselves, and attempts at adjustment may only introduce other 
variations of much more serious consequence. 

Repairs and Maintenance op Equipment. —As indicated m the previous 
section, repairs to equipment should be anticipated if possible, and the work 
planned so that the actual time of shutdown of the mill is as short as possible. 
A good part of the repair and maintenance work is carried on without neces¬ 
sity for a shutdown of the whole plant or of any of the plant. ^ Large plants 
find it advantageous to maintain large repair crews and well-equipped shops to 
facilitate repair and maintenance work. Every well-equipped mill today has 
electric and gas apparatus for cutting, welding, and hard surfwing of metals, 
BO that repairs, which formerly involved transfer to the machine shop, black¬ 
smith shop, or foundry or actual replacement of a broken part, are now made 
more quicldy and cheaply right on the spot. Even the w'earing surfaces of 
crushers anj other machines may be constantly restored by the use of hard- 
surfacing wel^ng rod, so that no actual replacement of a worn part and the 
scrapping of the unus^ portion is necessary. 

Luhricdtion and cart oj htaringt should not be left entirely in the hands of 
an operator who has too many other duties. In a plant of reasonable size 
this work is worth the full time of an experienced and responsible mechanic. 
The right types of oil and grease should be carefully selected for the various 
lubrication jobs. The Alemite system of greasing finds considerable applica¬ 
tion. For bearings subjected to heavy pressures a continuous oil supply 
through pipe lines is required, and this may involve a complete circulatoty 
sj^tem of delivery pipes and return pipes with filtering or other means of 
purification ^fore the oil is used over. 

Labor in the Millb. —The tendency of modern orenjressing mills is to 
reduce the quantity of labor required and at the same time to raise the quality 
of it. The work requiring intelligence is carefully kept separate from the 
purely mechanical, on the theory that a man cannot give satisfactory results if 
he is working both his brain and his body at the same time. 

For purpose of comparison, computations have been made of the tons 
treated per man and also tiie cost per ton. This comparison shows that the 
amount treated per man varies greatly even in the mills of the same class. 
This variation is due to several causes, such as: (1) the size of the mill, since 
a large mill can always be run with less labor per ton than a small one; (2) the 
difficulty of the problem, rince an easily treated ore gives the mill high capacity 
and requires only simple treatment; (3) the length of shift, as more men will 
be required working £khour shifts than working 12-hour shifts; (4) the use of 
water power instead of steam; (5) whether or not the mill is favorably located 
and designed to minimize labor; (6) the cost and quantity of the labor, for when 
labor is cheap and of an inferior quality, more will be required. The wages 
paid are also variable, being governed chiefly by the cost of living. The cost 
per ton for labor is dependent upon the number of tons treated per man and 
upon the wages paid. 
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It may be said that in general the capacity of the mill and the quality of 
the product depend largely upon the intelligence and reliability of the men 
employed m the various departmenta. A saving made in wages may be more 
^ffset by losses in efficiency of machines due to ignorance or to neglect. 
The development of the flotation process and technical progress in other 
tranches of ore dressing make it increasingly important to have intelligent and 
skuled operators, who are more dependent on technical knowledge than on 
rol^f-thumb guides. The importance of clean, sanitary, and healthy con¬ 
ditions for improving the mor^e and efficiency of operators should not be 
overlooked. 

Water. —Water is required in the mill for three purposes: (1) for purely 
concentration purposes; (2) for producing power or supplying boilers; (3) 
for fire protection and domestic purposes. In mills the amount of water 
actually consumed varies from 1.25 to 40 tons of water per ton of ore. In 
general, the wquirements of a mill will depend upon the kind of mill, the capac¬ 
ity of the null, and the kind of ore. Often it is necessary to economise, and 
m desert regions it is possible to recover fully S5 per cent of the mill water by 
the use of dewaterers or thickeners. 

It is highly desirable that the mill water supply be clear; if not, it is usually 
passed through settling tanks to remove suspended material. Water is 
conveyed to the mill by pipes or flumes, and it b essential in constructing 
these to guard against frcesing in cold weather or damage in time of storms 
Water b usually delivered to a main storage tank situated at the head of the 
mill. Such a tank should be of sufficient size to insure a reserve supply in 
case of emergency. Such storage capacity will vary from 3 hours up to 9 
aays. As far as concentration purpoM are concerned, a small head is all 
that is necessary, but for fire protection considerable pre.ssure is essential. 
The need for ample fire protection cannot be too strongly emphasized, espe¬ 
cially in wooden milb. The water supply for flotation plants should be 
reasonably free from impurities which are toxic to flotation; otherwise water 
treatment may be necessary. 

Storing and Shippino Concentrate. —In looking through the mills 
there seem to be six methods of disposing of the concentrate after it has been 
unwatered or settled and dried. Of these, the first four ship it in bulk, the 
fifth uses barrels, and the sixth uses sacks. (1) The concentrate is wheeled 
directly to its place of treatment. (2) The concentrate b dumped into open 
cars direct and goes to the smelter. (3) The concentrate b wheeled into cars 
(usually closed cars) direct. (4) The concentrate b wheeled to store bins which 
deliver cither by gates and chute or by shoveling to cars. U^en shipped in 
bulk in cars, care must be taken that toe cars are tight; fine concentrate will 
run through a bole almost like water. Closed cars are more often employed 
than open cars inasmuch as they offer protection from the elements and from 
theft. (5) In place of bulk shipment old oil barreb have been used for native 
copper concentrates from jigs and tables at Lake Superior. The barrels are 
filled with the wet concentrates and headed up tight. Empty barreb are 
returned from the smelter to be used again ana again. These rich concen¬ 
trates are valuable, and barreling insures against leakage and loss by theft in 
transit. The special sizes of concentrates for which barreb are used are 
locally called barrel work.’' (6) In regard to sacking concentrate there are 
only a few mills in w'hicb it can be positively stated that sacks arc used. The 
sacks are usually about 16 by 24 inches in size and bold 200 pounds or less 
according to the specific gravity of the material. Sacking b expensive and is 
to be recommended only in special cases, for example, when the ore is very 
rich, or when it is shipped in small lots, less than a carload, or when it has to be 
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transferred two or three times as from wagoo to reread and from narrow-gage 

railwad sho^d be weighed and sampled l«fore leaving the mill, 

where two companies are concerned. But where the null and the smelter both 
belong to the same company, this work may be done at the mill or at the 
oinpltAr as is most convenient. . . . 

Disposal of Tailings.— This has alreadj; been touched ui»n under Mill 
Location In the majority of mills the location is such that the tailing goes 
hv eravity to the dump where the solid material accumulates and the water 
fniJ to waste. Where water is to be used again, the tailing gOM to settling 
nonds. Where there is not sufficient fall for the tailing to pass of! by gra^ty, 
It is elevated either by sand wheels or by bucket elevators. In some of the 
fAreisn mills tailing is unwatered and elevated to a car which is trammed by 
man power over an extensive dump. This is practicable in foreign mills owing 

to the cheapness of labor. -u 

Wiere coarse and fine tailing are put on the dump together, along with the 
water carrying them, the tailing pile will spread over a large area and have a 
very gently sloping surface, If the dumping ground is large, then this does no 
harm, but in some cases the dumping ground may be lirai^d. Coarse 
dewatered sands can be readily stacked by bucket elevators or inclined belt 
conveyors. Many mill tailings today are fine, as from mills using tables and 
flotation or only floUlion. If water is to be recovered, the bulk of it is saved 
by thickeners and other dewatering devices. The residual water with all the 
solid or, if water is not to be recovered, the entire tailing water and solid go to 
a tailing pond. This may be formed by damming up a natural valley or 
depression or the wall of the pond may be built up automatically by placing 
spigots in the peripheral launder surrounding the pond. The thickened sand 
from the spigots builds up a sand wall while the bulk of the water with the 
slime is delivered inside the wall and settles. 

Large modern mills produce impressive amounts of tailings. The tailings 
of the two flotation mills of the Utah Copper Company are impounded in an 
area of several square miles enclosed by earth walls to prevent the tailings from 
spreading all over the country. The old Morenci copper mill in Arizona 
dammed off a number of natural gulches and filled them with tailing. The fine 
tailings from South African gold cyanide plants arc built up into enormous 
fiat-topped piles with sloping sides. In the southeast Missouri lead mills tlic 
coarse tailings form cone-shap^ mountains of millions of tons each, and the 
high fiat-topped piles of fine tailings also cover large areas. 

It id a good rule never to run tailings into a stream to be lost forever. 
Many tailings have gone that way in the past which today would form a val¬ 
uable asset. Ore dressing constantly progresses and conditions become more 
favorable so that many tiling piles are being treated today at a profit which 
were of no value when they were made. The utility of tailing except for 
the possibility of future treatment is generally nil. Sometimes it can be used 
for filling or for concrete. 

Records, Testing, and Control. —Evaluation of metallurgical results 
requires accurate data of tonn^es and assays and over a long period these are 
the standards by which the mill is controlled. 

The lonnage of mill feed may be determined in various ways but is always 
reduced to a dry basis by making due allowance for moisture. (1) Every ore 
car may be weighed. (2) The number of cars or skips may be tallied and the 
tonnage computed after havinti established the average weight of a skip load 
or a carload. (3) Volumes in bins may be measured and the weight calculated 
after having determined the volume factor of the broken ore. (4) Weighing 
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conveyors give a continuous record o( tonnage and are the most common and 
satisfactory method. 

Concentrates are usually weighed direct as a part of the procedure of 
shipment, moisture being deducted to get the net dry weight. Weights of 
tailings may be obtained by time-sampling procedure. 

Automatic sampling devices are now found at all crucial points in the 
flow sheets of modern mills for securing time samples of feeds and products, 
often including intermediate products as well as final products. These serve 
for tonnage calculations, routine chemical analyses, and other determinations 
for making up reports of millwork. 

Wet samples are either settled and decanted or filtered to remove most 
of the water and finally dried by beat. It is very important that no suspended 
solids be discarded in muddy water as fine slime may carry high values. 
Settling may be hastened by the use of flocculating ^ents such as lime, soda 
ash, alum, common salt, hydrochloric acid, and sulphuric acid or even by 
merely heating the pulp. Sometimes the entire water may be evaporated from 
wet samples. 

Time sampling, when performed with care, gives not only material for 
examination and assay but also data for computing tonnage. In the case of a 
stream of wet pulp the entire stream is diverted into the sample receptacle for a 
definite time, for example, 1 minute, and usually the diversion is repeated at 
stated intervals of say 10, 20, or 30 minutes for a con^derable period or even 
for an entire shift. The accumulated sample is weighed, the water removed, 
and the remaining dry solid weighed. The weight of the water is calculated by 
difference between the ori^nal weight of solid plus water and the final dry 
weight of solid. Multiplying the length of time of each diversion of the pulp 
stream by the number of diversions during the entire period that the sample 
was being taken gi^*es the total time of diversion during that entire period. 
For example a diversion of 1 minute every half hour over a period of 4 hours 
would mean that the total diversion time was 8 minutes. The weights of 
solid and of water obtained during the total diversion time, in this case 8 min¬ 
utes, can be calculated by simple proportion into tonnages over any period, 
for example, an 8-hour shift or a 24-hour day. 

The actual control of operation of the concentrating devices calls for the 
constant watchfulness of the mill operator. An experienced man is able to 
depend to a large extent on his visual observations, but these at best arc only 
semiquantitative, and in the final analysis reliance is placed on regular and 
frequent quantitative testa of the operation. This is particularly true in 
flotation plants where, because of the fineness of the ore, the comporition of a 
material cannot be estimated >'isually with any degree of certainty and the 
many operating variables have large influences on the results and must be 
controlled rather exactly. 

Often the time required in making the usual chemical analyses makes it 
necessary for the operator to use quick-testing methods which can be carried 
out easily in the mill for evaluation of results. A good example is the hourly 
deternunation of copper in the tailings at one copper flotation plant, using a 
method involving the two simple essential operations of solution in acid and 
matching the blue color of the solution produced by ammonia agmnst a wries 
of standards. Panning and vanning, pilot tables, and exanunations with a 
low-power binocular microscope may also give semiquantitative information 
for immediate use by the operator. Such methods may be applied in yanous 
parts of the flow sheet and when used in conjunction with tonnage estimates 
made by time sampling give the operator a good working idea of the results in 
any particular machine or group of machines. 
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Provisions are usually made for routine observation and recording of the 
various important operating variables, including screen analyses, pulp den- 
dties circulating loads, pH and alkalinity values, and others whose close con- 
frcJrii necessar/ to efficient concentration. There is now some tendency to 
use automatic devices for recording some of such data continuously and, where 
rractical, for the purpose of regulation also. ^ 

^ Changing ore conditions and improvements in the mill should be studied 
extensively in the laboratory before making alterations in the plant. Using 
flotation, this is particularly important and for that reason a properly equipped 
testing laboratory cannot be dispensed wth. Larger plants find it worth 
while to have equipment for elutriation, microscopic work, and other types ol 
work normally considered more as research and development work than as 

control testing. .... .. « -n 

It is well to run frequent tests on individual machines m regular mill oper- 
ation to determine their efficiencies, and, if it is found that any machine is not 
doing good work or that a new one may do better, a change should be made. 

Economic Factobs 


As an industrial unit an ore-dressing plant is a business which is run 
according to the same general economic principles as govern other types of 
industrial plants. Economic considerations of particular interest to the ore 
dresser may 1:^ considered under four headings: 

Sale of the concentrates. 

Accounts and reports. 

Milling costs. 

Evaluation of metallurgical results. 


SALB OP CONCENTRATES^ 

Schedules pob Calculatino the Value or CkirrER, Silver, Lead, and 
Zinc Ores.— The author feels that a few pages may be profitably devoted to a 
brief discussion of the subject of smelter charges and schedules, for it is of vital 
importance to the mill operator. He should know why and to what extont 
the presence of too much silica or the absence of Iron or certain physical cmalities 
detract from or add to the value ol bis product. The net value of any shipping 
ore or concentrate to the operator is the difference between the market value 
of the economically recoverable metals in the concentrate or ore and the cost 
of reducing, transporting, refining, and marketing such metals. Ores and 
concentrates frequently have to be shipped hundreds of miles to a smelter; 
(1) because a smelter must be located near a cheap and constant source of 
fuel, lime, iron, silica, and lalxir; (2) because a smelter to be efficient must 
be a large plant and there are few milb or mines of sufficient sise to warrant 
investing in such an expensive plant solely to treat their own ore or concentrate. 

The average miner or mill man regards a smelter schedule as mysterious.” 
It is complicated, to be sure, but there is a reason and usually a good one for 
every deduction or charge. Selling concentrate differs in no way from selling 
typewriters or mowing machines, so it behooves the mill man to understand 
thoroughly such schedules in order to protect himself and be assured of getting 
a fair price for his product. Most concentrates or ores are sold on a contract 
basis and such contracts usually run for a term of years. The first part of the 
contract contains general provisions and definitions of terms and phrases. The 

1 Although various figures and quotatioDS are not those existing today» they serve just 
ns well to illustrate the underlying principles. FuKbennore, if they were changed to corre* 
spond to present conditions, they m^bt bold good for only a short period because of the 
constant change in metal prices and other economic factors. 
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second part of the contract» called the “pcheduLc,” deals with the factors to be 
used in ascertainbig the money due the vendor. 

The amount of money to oe deducted from the gross value of the economi¬ 
cally recoverable metals in the concentrate or in the ore is made up of two ele¬ 
ments: (1) smelting charges and (2) marketing charges. The former include 
cost of smelting plus smelter's profit and unavoidable metallurgical losses; 
the latter, a charge which is assumed by the smelter and pas.sed on to the vendor 
of concentrate or of ore. The marketing chaises may include (1) freight to 
smelter, (2) demurrage, (3) extra sampling costs and umpire assaying, (4) 
freight on the metals to the refinery, and (5) any customs duties or taxes which 
may have to be paid. 

Smelting charges may be classified under three heads: 

1. Nominal treatment charge, which often fluctuates with the value of the 
ore, with the content of some constituent, or with the market quotation for 
some constituent. 

2. Deductions from assay content (metallurgical losses are usuallv covered 
here), or from market price of the vaiious marketed metals, for calculating the 
amount to be credited to the shipper. 

3. The various penalties imposed becaxise of the presence of undesirable 
constituents that are presumed to make treatment more costly. 

Typical ores may be divided into several classes as follows: 

a. Lead ore, rich in lead, low in copper. 

Copper ore, rich in copper, low in lead. 

c. Dry siliceous ore, low in lead, low in copper, valuable for gold and 
for silver. 

d. Zinc ore. 

1. Nominal TrecUmeni Charge .—This is supposed to be a charge which 
represents the cost of treating a ton of material at the smelter. It will vary at 
different smelters, not only Mcause the actual cost of treatment varies, but 
because smelters try to make their contracts look aa favorable as possible. 
8ome have a low treatment charge and aim to make the deductions more severe 
or the marketing charges higher. The following treatment charges are taken 
from one schedule: 

а. $5 per ton for ores with a metal content of a gross value of less than 
$25 per ton. 

б. $6 per ton for ores with a metal content of a gross value of more than 
$25 and less than $40 per ton. 

c. $8 per ton for ores with a metal content of a gross value of over $40 per 
ton. 

In an effort to encourage or to discourage the shipment of certain desirable 
or undesirable grades of concentrate or of ore, smelters make corresponding 
changes in their schedules. In Colorado, for instance, there has always been 
an excess of siliceous ores, so that the schedule gives a premium to ores contain¬ 
ing a low percentage of silica. Another smelter getting zinky lead ores may 
make treatment charges so high on such ores as to discourage shippers from 
marketing their product. 

2. D^uctione .—The minimum amount of gold settled for ranges from 0.01 
to 0.06 ounce per ton. The price varies between $19 and $20 per ounce. 
When the gold is above the minimum assay, the smelter usually pays for 100 
per cent of the assay content. The reason for not paying for small quantities 
is that a certain amount always goes into the slag. 

The minimum amount of silver paid for is usually 1 ounce per ton. On 
richer ores the amount paid for varies from 90 to 100 per cent of the assay con¬ 
tent. Sometimes 3 or 3J cents per ounce is deducted from the market price of 
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silver in making settlement. This is designed to cow refining 
ketfng and interest on the capital tied up between the time 
actu^ marketing of the product. It is also aimed to make the charg® . 
volatilisation and loss in slag. During the operation of goi 

regulating the price of silver at $1 per ounce, the smelters used a value of m 

^^'^The^schedutw^on^eLd ores vary a great deid. The minimum 

for is usually 5 per cent “ dry assay/’ that is, fire assay. One 

oavment for 90 per cent of the lead content (fire assay) at the average Ne 

^ork quotation of the Engineering and Afininfl Journaf for the week pr^ • 

to the date of receipt, less 1.65 cents per pound. Any wttleinent is 

the fact that there is a lead loss in smelting of a^ut 30 pounds 

ton of ore. Usually if the lead content is less than 5 per cent, the ore falls 

into the “dry” or siliceous class, and the lead is not paid for. Uad in sine 

ores and in copper ores to be smelted in copper furnaces i9 not paid tor. 

Oil copper ores it is usual to make two deductions, From the wet assay, 
0 5 to 1-5 per cent is deducted to cover various metallurgical losses. A luritier 
deduction of from ii to 3i cenU per pound is made from current quotations 
at the time of settlement to cover “freight, refining, selling, and delnery 

^^^Areenic, antimony, and bismuth are frequently recovered by the smeltei^ 
as by-products, but they are seldom, if ever, paid for. In fact, arsenic and 
antimony may be penalised. Zinc, unless in a “straight sme ore, is never 
paid for. Cobalt and nickel and a few other metals frequently incur penalties 
which will be taken up under that head. , 

3 PenallUs. —The most common constituent to incur penalties in smelling 
is silica, for the reason that it is necessary to use additional iron and Ume in 
fluxing it. If the smelter is able to get the proper ores high m iron and lime, 
it is to its advantage to have the high siliceous ores; but more often than not it is 
necessary to bring in barren iron and lime ores for fluxes. A common penalty 
is 10 to 12 cents per unit for silica, or “insoluble,” and a credit of 5 to 6 cents 
per unit for iron, The term “unit” is defined later on. One smelter imposes 
no penalty for insoluble but on the other hand does not pay for iron. In 
passing, it is to be noted that insoluble is used frequently in place of silica, but 
it is to be understood that such determinations include constituents such a« 
alumina, barite, garnet, etc. . . 

Lime is sometimes pidd for at the rate of 6 cents per unit, if it exceeds 3 
per cent. The altitude on the sulphur content varies. A lead smelter will 
hold the shipper to a narrow range; while a copper smelter pays no attention to 
it. The following show penalties for sulphur in a lead ore: 


Contrmct. 

1 

M*v<iBuin 
P«r«cst 
Allowed Fc«c. 

Peoalty pet 
Unil foe 
EseeM. 

Moaenunt 
Penftlly per 
Ton. 

A. 

4 

S0.8S 

#2.00 

B. 

s 

Q.3i 


c. 

1 

Q.ii 

3.00 1 


Under contract A an ore with 12 per cent sulphur or 8 units excess would pay 
the maximum penalty of $2 per ton. Sometimes as an alternative to a penalty 
a charge for roasting is made of about $3 per ton. 

Zinc is penalized in both lead and copper ores but particularly in the 
former, for it interferes seriously with the operation of the lead furnace. 
Zinc penalties on the above contracts are as follows: 
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Coacract 

MauBum F«r««Qt 
Allowed Free. 

Penalty per Unit 
for Kaceei. 

A. 

5 

50.50 

B. 

to 

0.25 

C. 

$ 

0.30 


Arsenic is another undesirable constituent since it forms a speiss which 
gives trouble in the furnace. Ten per cent is frequently allowed free with 
penalty of 20 cents per unit for the excess. Another contract calls for S2 
penalty per unit on combined arsenic and antimony. All seem too high in 
view of the fact that many smelters recover and market the arsenic. 

Moisture incurs a penalty, particularly since many flotation concentrates 
are difficult to handle and smelt and require fuel to evaporate the water. One 
contract for lead ores allows 6 per cent free and charges 20 cents per ton for 
each per cent or unit excess up to a maximum charge of $2 per ton. 

Zinc ores, particularly in the Joplin district, are settled for on a special 
basis. Most of the sine is smelted. Since the recovery is dependent upon 
the grade, penalties are made and premiums pmd for concentrate below or above 
a ‘'base." For oxide ore the b^ is 40 per cent zinc and for sulphide ore 

60 per cent. Variation above or below this base is allowed for at the rate of 

61 per unit. For each unit of iron alx>ve a maximum of 1 per cent, a penalty 
of il is imposed. Treatment charge on such ore is given at from 116.50 to 
$22.50 per ton. In the electrolytic process for zinc ores the load, silver, and 
gold remain in the residue and are recovered. Iron is heavily penalised, for 
it forms zinc ferrite and lowers the recovery of the zinc. Recent contracts 
for zinc ores depart from the above practice and provide for payment for from 
75 to 85 per cent of the zinc In the ore at St. Louis quotation and from 65 to 
$0 per cent of the silver and lead. 

In the treatment of siliceous ores in custom cyanide plants the schedules 
are more simple. A typical contract provides payment for 90 per cent of the 
assay content in gold and in silver at $20 and ^.9986 per ounce, respectively. 
(The price of silver is now lower since the end of purchases under the Pittman 
Act.) The treatment charge varies with tbe richness of the ore as follows: 


v»l«4tl«n per Toi». Treatment Cbarte per T«n, 

Upte«0 tj » 

SM te $3^. S.OO 

Over 125 5.00 plus 10 per cent additional value. 


Another plant pays for the full gold content at $20 per ounce with a slid¬ 
ing scale as follows: 


Value of Ore per Ten. 

Under M.50. 

• 4.50 to S S .OO 
S.OOto 10.00 
10 00 to 15.00 
15 00 to 20.00 
20 00 to 25.00 
25 00 to 30.00 . 
30.00 to 40.00 . 
40 00 to 100.00 


Freubt and Tiaotment 
Coarae per Too. 
13.00 

2.25 
4.00 

5.25 

5.25 
5 60 

n.do 

7.50 

S.OO 


Note that in ibis case the plant pays the freight. 

For smelting *^dry*' ores the payments for gold and silver and the penalties 
for insoluble and bonus for iron are much the same as for lead ores. 

In addition to the schedule showing the penalties and premiums, there is 
a section in each contract devoted to the deflnition of certain terms, condi¬ 
tions, and practices. 
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SdUs daxue provides that the seller will deliver to the buyer certain ores 
i>f certain grades and usually 8peci6ed maximum and minimum quantities. 
It excludes certain products and specifies that the buyer has the option oi 
not accepting the material if it does not come up to grade. 

]>ur<ition of Coniroc^.—This will, of course, vary between wide extremes. 
A year is very common while 15 years is about the upper limit. ^metimcK 
it is provided that a minimum tonnage be delivered, and, m case it is not, the 
contract is automatically extended until filled. Smelters hesitate to make 
too long contracts on account of rapidly changing conditions and especially 
after many disastrous experiences during the World War. , i * 

D€liv€ry, Weighing, and Sampling. —Delivery is made at the buyer s plant 
in carload lots, and usually the buyer pays the freight bill and p^ses it on 
to the seller when making settlement. In Joplin, ore is bought in the bin like 
so much grain or wheat. Sampling and weighing are done by the most 
approved methods" at the expense of the buyer at his plant or at the expense 
of the shipper at some agreed-upon pubbe sampling plant. Both methods are 
common, and it is usual to specify that a protest on the part of either must be 
filed within 24 hours of the time of such weighing and sampling. 

Aeeaying. —In sampling, three pulps are usually taken out, one for the 
buyer, one for the seller, and one reserved for an umpire in case of dispu^. 
The buyer’s assays control the settlement unless a protest is made. "Split¬ 
ting” limits are specified for all the constituents involved.^ If on compari- 
,son, the respective assays of the buyer and the seller agree w'itbin these limits, 
the arithmetical average is taken as the assay. In case of wider divergence 
from these "splitting” limits, an umpire makes an assay and is paid by the 
party whose result is farthest from the umpire’s. The contract usually speci¬ 
fies who the umpire shall be in ease of disagreement. The following splitting 
limits are frequently used: 


S he*, iron. lim*. oulphur 
old 

Silvtr.. 

Coppor 


b'Zf", 


O.i por eeni. 

0,02 ouiieo p<r ton. 
0 S ounct per ton. 
0.2 per eertt. 

0.6 per ceot. 


It is usually provided that gold and silver shall be determined by the 
"most approved methods of fire assay,” copper by the electrolytic or the 
standard iodide method, and lead and sine by the standard wet methods. 
Lead may also be determined by the fire method. If wet assay is used for 
lead, a deduction of 1.5 per cent is usually made to change to fire assay basis 
for settlement, this 1.5 per cent representing the loss of lead in smelting. 

Moieiurt. —At the time of weighing, moisture samples are taken by the 
buyer or by an agre^-upon public sampler. It is needless to say that it is very 
important that a correct sample be taken, for the actual weight of the ore as 
well as for the principal deductions which are based upon this determination. 
The sample should be dried over a steam bath at a temperature not to exceed 
250 degrees Fabrenbeit. 

Definitions. —The word " ton ” is defined in the United States for nonferrous 
metalliferous ores as meaning the short ton of 2000 pounds. The w'ord '' ounce ’' 
when applied to gold and silver determinations refers to the troy ounce and 
the word "unit” refers to 1 per cent of a ton of 2000 pounds, or 20 pounds. 
A ton of ore assaying 3 per cent arsenic has 3 units, and, if the penalty is 20 
cents per unit, the total penalty is 60 cents per ton. 

QxtoiatioT ^.—The commonly accepted quotations are as follows: 

Gold is standard at $20.67 per ounce, but settlement is never made at 
over $20.50 and is made usually at $19 or $20 per ounce. 
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On silver, the Handy Sl Harman quotation either (1) on the date of buyer’s 
hist assay or (2) on the date of final settlement. 

On lead the average price as quoted by the En^firuering and Minirig Jour¬ 
nal for the week ending the Wednesday next preceding either (1) the date 
of receipt of the ore at the smelter or (2) the date of final settlement. The 
St. Louis price may be specified. 

For copper the average refinery price as quoted in the Engineering and 
Mining Journal for the same period as provided for under lead. 

For rinc the average St. Louis price of Prime Western spelter for the week 
covering the date of arrival at the buyer's plant as quoted in the Engineer¬ 
ing arid Mining Journal. 

Taxee and Freight on Bullion. —Federal and state taxes, whenever levied, 
shall be for the account of the seller. Demurrage chaises, whenever they are 
not the fault of the buyer, are also passed on to the shipper. 

The cost of the transportation of bullion to the refinery, in case there is 
not one at the buyer's plant, is paid by the buyer, but he allows for this in the 
shape of a deduction from the price paid for the metal. It is frequently pro¬ 
vided for in the contract by inserting a definite freight rate to be applied 
in such a case. 

Seitlemenl and Diversion. —Settlement may be made on a certain definite 
date or 30 days after date of sampling. Some smelters issue warehouse certifi¬ 
cates, pay a certain percentage of the final settlement, and hold final payment 
until the metal in question is sold. Payments are sometimes made monthly. 
The smelter usually inserts a protective clause allowing him to divert any 
shipment to the plant of another smelter. The charges for such diversion arc, 
of course, assumed by the buyer. 

Preteetive Claueee. —It is usual for the buyer to protect liimself agunst 
certain unforeseen contingencies by inserting a force majeure clause which 
includes acts of nature, strikes, fire, fic^, war, traffic interruptions, etc. 
Sometimes a clause is inserted to anticipate sudden changes in conditions, so 
that in the event that the buyer can operate only at a loss, he may cancel 
the contract. 

To show the application of smelter schedules the following examples from 
practice are taken from examples by A. B. Parsons in Engineering am Mining 
Journal, vol. 114, page 1155, December 30, 1922. 

1, Copper ConcerUrate. —Assay: 0.09 ounce gold per ton, 8.1 ounces silver, 
30.1 per cent copper, 13.8 per cent iron, 20.2 per cent insoluble, 0.8 per cent 
lime, and 18.7 per cent sulphur. 


Gross value. 

0©I4, 0.« oun<« M SJO.S?. S 1 SS 

SiWtr. S.l ouncM at |]. S. 10 

e02 ^uftda ftt 13.875 . $8.52 $93.43 


Smelter settlement, credit. 

Qold. 0.0$ ounc» •( $10.$ 1.71 

SiUtr. 0$ P»r c«nt of eune^o •! $0,025 cettu. 7.00 

Coppor. Ori Mr e«nl of 002 pound* *1 13.37$ — 2.7$ mbU. 8 $.2$ 

Iren. 13.3 unit* st $ ««n(*. 0,00 

Bopu* on tr«*tB)*nt ebnrf*. ._ 0.50 

175.8$ 

Smelter settlement, debit. 

Insoluble. 30.2 unit* at 7 cent*. . $1,41 

Net return ftoro emelter. $74.44 

Smelting eoat (sroa* value lauameJter return) . .. . $19.04 

Fteifbt to amelter. 

Total emeltinc co*t plu*fr«cbt. $25.94 

Aetual value m ooneeatrat* per toa ai mine... $67.64 


Smelter pays 819 per ounce for gold, 95 per cent of ^ver value at 99.525 
cents per ounce, 97.5 per cent of copper assay at 2.75 cents less than the 
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market quotation of 13.875 cents per pound, premium of 5 cents i»r unit 
for iron, penalty of 7 cents per unit for insoluble. Treatment charge is noth¬ 
ing if copper is 15 cents per pound, with a bonus of 50 cents per ton when the 
price is under 15 cents per pound and a charge of 50 cents per ton for each 
increase of 0.5 cent per pound in price above 15 cents up to a maximum charge 
of 82.50 per ton. 

It should be noted that if the price of copper reached 17.5 cents per pound 
or over, instead of a credit of 50 cents per ton there would be a debit smelting 
charge of $2.50 per ton. 

2. Silver Concentrate. —Assay: 1.28 ounces gold per ton, 255,3 ounces silver, 
0.11 per cent copper, 30.6 per cent insoluble, 28.5 per cent iron, 30.8 per cent 
sulphur, 4.06 per cent arsenic, and 1.62 per cent antimony. 

Smelter pays for 95 per cent of gold at $20 per ounce, 95 per cent of silver at 
99.625 cents per ounce. Penalty of $2 per unit for each unit of arsenic plus 
antimony over one. Treatment charge of $14 per ton. No credit for copper or 
iron, and no penalty for insoluble or sulphur. 

Gross vslue. 

Gold, I.2S oubCM S20.S7 
Silver. 265.3 oun«M it $1. 

Smslter settUment, credit. 

Oold. 36 »«r cent of I.2S euacca at S20. I 24 32 

Stiver. 26 par ecat of 866.3 ounoac at W.A26 eoaU. 24 J. 02 

6206 24 

Stoelter settlemeot, debit. 

ArMDio and antltooay. 6.23 — 1 ualu at 32. 3 2.32 

Traatmant oharsa. _H .00 

323 32 


Nal return freat ataaltar. . 384 8.63 

SaiaUins aaat (sroaa vaJua laaa aotoltar ratum). 32.17 

PraifKt to araauar. i6.40 

Total amoltlni aoot plua fraisbt. 164.67 

Aetual valua Of coaeantrata par too at auaa . 3827.18 


This settlement is not a favorable one for the millman, for the nominal 
treatment charge is high and the penalty of $2 per unit for combined arsenic 
and antimony in excess of 1 per cent is excessive. The deduction of 5 per 
cent of the gold is an unusual deduction. Incidentally, we may show' here the 
value of concentration. On this ore the ratio of concentration is 10 to 1 and the 
value of 10 tons of ore, if shipped direct to smelter, figures out $129.30. Millmg 
costs $1.50 per ton, so that with an expenditure of $15 one ton of concentrate is 
produced worth $227.18. Deducting cost of concentration of 10 tons of ore 
the net value is $212.18 or $82.88 in excess of $129.30, the marketable value of 
10 tons of ore at the mine. On the basis of 200 tons per day such a concen¬ 
trating plant would be earning over $1600 per day for the owners. 

Z. Dead Concentrate. —Assay: 38.3 ounces silver per ton, no gold, 3.4 per 
cent iron, 8.3 per cent insoluble, 16.4 per cent sulphur, 8.8 per cent sine, and 
59.3 per cent lead used for settlement based on wet analysis of button from 
fire assay. The wet assay of ore assumed to be l-j per cent higher or 60.8 
per cent lead. 

Smelter pays for 95 per cent of silver at price of 3.5 cents less than quota¬ 
tion of 99.626 cents per ounce, 90 per cent of lead button assay at 1.65 cents 
less th^ the quotation of 5.605 cents per pound, bonus of 6 cents per unit for 
iron. Penalty of 12 cents per unit for insoluble; penalty of 25 cents for each 
umt of sulphur in excess of two up to a maximum charge of $2.50 per ton. 
No zinc penalty. Treatment charge of $2.50 per ton plus or minus 10 cents per 
umt below or above 30 per cent lead. Briquetting charge of $1.50 per ton 
since matenal is flotation concentrate. 


3 22.46 
866.8D 3231.76 
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Gross vslue. 


Lm<S, ISIS pound! St S.605 tnts. SSS 16 

SilT«r. SS.S ouncM 61.. S8 90 610C. 46 


Smelter settlement, credit. 

L«ftd. 00 p«r ««at of USA pound! M 6.006 — 1.05 ecaU. . . 142 23 

fklvnr, 06 p«r eeat of 66.8 oubm! »t 00.260 8.6 oentj. 94.08 

iTM. 3,4 unit! 04 0 COftte. 0.20 

Tr«etin«nt boeuf, 30.3 excCM uoita lend ot |0 cento pet unit • 82.03. 

!«■ 83.60 . 0,43 

877.38 

Smelter settlement, debit. 

lacolublc. 8.8 umCe ftt 13 ceaiU. 80,08 

Mlpbur (18.4 - 2 uaite nt 26 ecau) BMieaun. 2.50 

Bn^uMUns. 1.50 

Net returQ froa caclur.... 870.86 

Smcltins ent (crecc velu* lac amelUr return).^337§0 

Frcisht to •adter... . 8.80 

Total •reeUiBC co*t pluj frvfsbt. $42 40 

Aatual value of eeaceaUnU per toe et alee... 8M.06 


4. Zinc ConcerUraU. —Assay: 63.6 per cent sine, 9.8 per cent lead (wet 
assay), 18-7 ounces silver per ton, 2.4 per cent iron. 

Smelter pays for 83 per cent of zinc at 7 cents per pound, 65 per cent of the 
lead after deducting 1.5 per cent from wet assay and 1.5 cents from quotation 
of 8.5 cents per pound, 70 per cent of the silver at 99.625 cents per ounce. 
Treatment charge of $17.50 per ton. 

Gross value. 


Siae, 1078 pound* at 7 etnta. 876.04 

Load. 100 pound* at ^6 otnu. 13.74 

8llv«r. 11.7 ouaccaat 81. 18.70 8108.48 


Smelter oettlement, credit. 

2inc, 83 per etai of 1072 pound* at 7 ccau.. 802,28 

Lead. 06 por o*ot of IMdounda at 0.6 * 1.6 «*nt* . 6.30 

SUvor. 70 par e*at of lat ounea* at 00.036 coot* .. 13.01 

180.71 

Smelter oottlement, debit. 

Traatnabt eharta. . 317,30 

N#t retura from •maltini. . 863.31 

SmcUiof oo*t (itroa* vaJua laac laaltet return) . 343 27 

Fr»i|bt to •Belter . ... _ 10.60 

Total •Beltino ee*t plua frelcbt. .. . 863 77 

Actual valua of coacentrate par too at nina. 863.71 


C\i9io7n MilU .—The basis for payment for gold ores by custom cyanide 
mills has been given previously. 

Recently custom-flotation mills have come into being in some districts 
where the mines are small and do not warrant the erection of individual mills 
and especially where diflerenrial-flotarion treatment is needed. The charges 
and payments in such mills must take into account, not only the cost of 
freight and smelting of the concentrates produced, but also the cost of milling 
including a profit and the losses of values in the milling process. The net 
return is therefore less than that computed from smelter schedules. The fol¬ 
lowing example is a typical schedule of custom-flotation pfulbi on lead-zinc ores. 

If gold is 0.02 ounce per ton or over, payment is made for 70 per cent of the 
^Id content at $32.09 per ounce based on a unit price of $34.9135. If ^ver 
is 1 ounce per ton or over, payment is made for 70 per cent of the silver con¬ 
tent at New York quotation, but minimum deduction from silver content is 
1 ounce per ton. If lead and copper combined are 3 per cent or over, payment 
is made for 70 per cent of the combined lead and copper content (wet assay) 
at the New York quotation for lead, less 2 cents per pound. If rinc is 4 per 
cent or over, payment is made for 60 per cent of the zinc content at 40 per 
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cent of the East St. Uuis quotation. If sine assay excee^ 15 per cent, then 
for each per cent in excess of 15 per cent add 1 per cent to the 60 per cent paid 
for up to a manmum limit to be separately specified for each contract- fur¬ 
ther, for each per cent sine above 15 per cent, an addition of 0.05 cent per 
pound is made to the price to be psid, but in no case shall the additional pay¬ 
ment exceed 0.5 cent per pound. The charge made for milling treatment is 
$3 per ton. 


ACCOUNTS AND REPORTS 

In mining and milling the manager should so organize his accounts^ that 
he can tell periodically—once a month is commonly found to be a good inter¬ 
val^—what have been his expenses for labor and supplies and other things 
and what his income from the sale of ore, concentrate, or metals has been. 
The comparison of these, when properly interpreted> will tell him whether he 
is making or losing money. 

As milling is simply a subdivision of the whole account system of the mine 
and mill, the author will not attempt to deal with it alone, but will consider 
the whole together. 

There may be three lines along which it will be desirable to have record.s: 
(1) the amount and cause of each item of expense incurred (labor, supplies, 
and other expense) in order that a total may be summed up periodically; 
similarly, the amount and source of each item of income; (2) the distribu¬ 
tion of the various items among the various subdivisions of the work in order 
to obtain a periodical summing up of what each part of the work, for example, 
the milling, Is costing; (3) toe distribution of the various items of expense 
and income to the different lots of ore from different parts of the mine in order 
to determine whether some parts may not be worlung at a loss which cuts 
down the profit from the other parts. The benefits of tnls part of the account 
system are generally lost sight of, and it is consequently rarely practiced, but 
toe author believes that, whore it is practicable, it is the most satisfactory 
method of maintaining a continual test of the mine. 

In order to make the accounts complete and to enable comparisons to be 
made, records of the weights of ore and products have to be kept and the 
accounts reduced to a common unit, for which a ton of 2000 pounds com¬ 
monly serves. 

The importance o) accounts and reports cannot be overestimated. The 
extra cost of keeping them will be more than offset by the saving made through 
their study. They will show the variation in cost and the profit and loss for 
each branch of the work, as well as the variation from week to week or month 
to month. A careful comparison and study of the reports by a manager will 
result in many little savings and stop many losses through leaks and waste. 
If time lost and the cause thereof appears in the report blank, the manager is 
able to locate the responsibility, and, by speaking to the foreman, the proper 
remedy will be applied and the time lost will rapidly diminish. If poor con- 
eptratingis ^ported, the foreman will work up to the highest pitch of effi¬ 
ciency. The importance of having these reports all at one central point needs 
no comment. 

Many designs have been made for blanks and modes of keeping accounts. 
Most of these schemes are, however, rather complicated and, as a rule, are 
applicable only to the needs of the particular plant for which they are drawn 
up. In any case a true statement of costs should fall under the following 
broad headings, which may be subdivided as far as is required—usually 
never too far. 
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1 . 

2 . 


4. 


General expense of the company. 
Mining. 

Milling. 

Smelting, refining, and marketing.. 


/Exploration and development. 
IStoping cost. 

|8toping and sorting losses. 
'Amortisation of mining plant. 
TransportaUon to mill. 
Operating costs. 

Losses. 

Amortisation of milling plant. 
Transportation to smelter. 
Operating costs. 

Losses. 

AmorUsaUon of smelting plant. 


The income tax law has caused operators to keep standard detailed accounts 
having due regard for ore depletion, plant depreciation, and obsolescence. 
The result 16 that cost statements today are more easily interpreted and 
better represent actual conditions than in years gone by. 


MIl/LINQ COSTS 

The general subject of cost of milling may be considered from several 
aspects. For example, the designer of a plant is concerned with making 
reasonable estimates of the first cost, operating costs, and overhead costs, 
which, when considered with the probable income from sale of products, will 
show the possibilities for profit. Also cost estimates are necessa^ in making 
various decisions during the designing of the plant, as in determining its size 
and capacity, comparing processes, or companng mill sites. The manager of 
an operating plant is concerned with cost accounUng as a means of determining 
the efficiency of the operation, evaluating actual and tentative improvements 
in the process, or locating sources of unnecessary loss of profit. The scope of 
this textbook does not justify detailed discussion of costs from these and other 
aspects, but it seems desirable that the nature of the first cost, the overhead 
costs, and the ^rect operating costs be taken up briefly, with some considered 
tion of the factors affecting costs and of representative cost data. Cost 
data for individual machines have been given in some cases along with operating 
data in previous chapters, and operating costs have been given with some of 
the mill descriptions in Chapter XVI. 

First Cost. —The first cost, often called “construction cost,” includes 
primarily the gross costs with transportation, duties, and commissions of the 
land, building materials, and machinery; labor costs for erection and inst^a- 
tion; and costs for designing, supervising, and other engineering sendees. 
The cost of the machinery, delivered at the plant site, is the largest single 
item, amounting roughly to about half of the total first cost. 

The first cost of the mill is affected by the following important factors: 

1. The capacity of the mill. The cost increases with the capacity of the 
mill but not in direct ratio. For example, where the initial cost of a 50-ton 
flotation plant may be around $600 to $700 per ton of d^y capacity, making a 
total of $30,000 to $35,000, the cost of a similarly equipped 1000-ton plant 
may be nearer $300 to $360 per ton of dmly capacity, making a total of $300,- 
000 to $350,000. 

2. The concentration process used. The process used affects the number 
and types of machines, the size and other structural features of the building, 
and the construction costs in various other ways. 
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The choice of the process depends in turn on the nature of the ore, and the 
relative complexity of the process is also dependent on the to whwh 

it is economTcaily advisable to clean the valuable nunerals. Mm construc¬ 
tion costs per ton of capacity are usually higher for nch ores which warrant 
more thorough and careful milUng. , , ^ 

3. The mill site. The cost of the r^road freight and the transportation 
from the nearest railroad of the machinery and structural materials may be 
high if the site is relatively inaccessible. Topographic limitations may increwe 
building cost or necessitate expenave foundations, retaimng walls, or facilities 
for ore handling in some cases- Inaccessibility of the site in regard to power 
supply, water supply, or tailings disposal may require construction of a power 
plant, pumping plant, or tailings disposal facilities which naturally must be 
considered as a part of the total first cost of the mill. The accessibility of the 
site with respect to an adequate supply of labor also must be considered during 
the construction. 

4. The climate. The design of the mill building is dependent in several 
respects on the cliiuate and on the extremes in weather conditions experienced 
at the mill site. For example, a mill building in mountainous country of 
rigorous winters must be well insulated to save beating cost, protected against 
snowslides, and capable of withstanding the snow and wind loads on the roof, 
whereas in an extremely mild climate the protection afforded by an open 
building little more than a shed may be sufficient. Climatic conditions also 
determine the cost of the facilities for water, power, transportation, living 
quarters for labor, and other auxiliary provisions. 

5. The probable life of the mill. The lon^r the anticipated life of the 
plant is, the less justifiable it Is to sacrifice quality in major features or details 
of construction in favor of low cost, and hence the greater the initial cost of 
the plant will be. 

6. The available capital. 

7. Engineering and supervising. Personal judgment of those responsible 
for the preparation of the plans and specifications and also of those responsible 
for the execution of the plans plays a very important role in determining the 
final cost of the plant. 

8. The efficiency of the labor employ^ in erecting the plant. 

9. The period at which the mill is built, tbe cost oeing more at a time of 
general prosperity than at a time of business depression. Improvements 
can be made with the least cost in duU times; on tbe other hand, mills can be 
run with the greatest profit in flush times. 

10. The duration of time that the works are unaer construction, depending 
more or less on the willingness and ability of the company to make a heavy 
outlay in a short time or to distribute the outlay over a longer period. A mill 
will cost more when it is required to be finished within a short specified time 
than when tbe builder is allowed to take his time. An extremely long time of 
construction may be objectionable, however, on account of tbe loss of interest 
on idle capital and of the earning power of the mill. 

11. Aaditional plant. The possible items of this have already been dis¬ 
cussed under Plant earlier in this chapter. 

Overhead Costs. —Although it is not always feasible or desirable in 
accounting to draw a sharp line between the mining operations and the milling 
operations, all milling costs, starting with expenses incurred during the first 
stag^ of ore testing, pilot-mill testing, including mill construction costs, 
and finally all costs during the operation of the mill, should be charged against 
the difference between the gross return from the sale of the products and the 
cost of the ore at the mill. In order to account for these costs significantly, it 
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is therefore necessary to distribute them on a tonnage or time basis. The 
direct operating costs for power, labor, and supplies are readily accounted for 
on either a tonnage basis or a time basis. The other costs are distributed on a 
rational basis as overhead costs. Important items of overhead are amortisa¬ 
tion, taxes, insurance, royalties, and general expense. 

Amortisation provides for the gradual extinction of the debt represented by 
the capital cost of the mill over the life period of the mill. Amortisation costs 
cover depreciation, obsolescence, and i n terest on the investment. Depreci ation 
is the gradual reducUon in the v^ue of the plant resulting from general wear and 
tear an d physical deterioration - The so-called * ‘ fixed percentage* * or “ straigh t- 
1 me*’ method is most commonly used for determining depreciation, According 
1 ^ this method, the value of the plant decreases at a constant rate throughout 
its productive life, that is, the annual depreciation chaise is equal to the 
difference between the first cost and the scrap value of the plant at the end of 
its life divided by the number of years of its life. Obsolescence refers to the 
fact that during normal or abnormal technical progress some machines become 
obsolete and are replaced before being worn out. In view of the risk involved 
in mining enterprises, the interest on money borrowed for mill construction 
may be 2 or 3 per cent higher than for or^naiy real estate mortgages, for 
example. 

In recent years increased federal and state levies in the shape of excess 
profits and income taxes have become of some concern to the millowner. 
Formerly, they were relatively small and were frequently neglected, but now 
they arc in the aggregate large and should not be overlooked in calculating 
milling costs. Property taxes vary widely, depending on the mil) location. 

Several kinds of insurance may be required, including fire, accident, work¬ 
men’s compensation, and others. 

The use of certain machines, processes, or, in the case of flotation, of 
certain reagents is governed by patents and is subject to royalty charges. 
However, in the use of machines or flotation reagents, the royalty charge is 
frequently included in the purchase cost and may not require separate account¬ 
ing. Royalties may also take the form of a charge per ton of ore treated, 
or they may be based on mill capacity. 

General expense includes many miscellaneous items, not directly charge¬ 
able to any specific part of the plant, such as general office and clencal costs, 
legal and advisory services, research and development work, etc. 

Operating Costs. —Operating costs are generally expressed as costs 
per ton of ore treated. They may be classified as power costs. Labor costs, 
supplies costs, and miscellaneous costs, or they may be classified and assi^ed 
to the various plant divisions. These two classifications may be combined 
and further subclassified for a complete cost analysis. A separation between 
direct operating costs and costs of repair and maintenance is common. Cost 
data for operation of individual machines are useful in comparisons of machines 
and in evaluating the desirability of replacement of obsolete equipment. 
The usefulness of a complete and lopcal cost analysis to the plant manager 
who is constantly striving to cut costs w'herever possible is obvious. 

Many factors affect operating costs. In a mill treating a rich ore yielding 
a large margin of profit, there is not the urge for low costs, but, where a mill is 
running on ore w’hich barely pays expenses, the superintendent is forced to 
keep his eyes open for every Uttlc saving. Vigilance is necessary in looking 
after the men, the machinery, and supplies and as a rule improvements in the 
art come more often w*here there is a strong need for constant study of means 
of reducing costs. Mill interruptions increase operating costs and should be 
carefully looked after. Savings may be made by the use of old material and 
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in various ways. Worn rods from a rod null my be used for many 
OUTDOES Some mS have instaUed electric furnaces for meltmg all scrap 
Iron and steel to be cast into balls for tbe ball miUs. 

Operating costs vary greatly, even m the same locality, and depend on the 

foUowin^consideratioM^^ and Internal arrangements of the mill building for 
economizing labor and simplifying the plant, depending to a great extent upon 
the selection of a suitable site and its proper utilisation, also upon tbe heaviness 
of construction and tbe care in erection. ,. j / * 

2 The general nature of the process, depending upon the kind of ore to be 
treated The finer the crushing and the more complicated the plant, the more 
costly will be the operation. Iron ores are washed by a simple plant at a cost 
of only a few cento per ton, while the treatment of copper o^ usually costs 
at least $1 per ton. It is clear from this how important it is that the selection 
of the process be made only after thorough teste. 

3. The capacity. The larger the capacity of a mill the smaller ^11 be 
the cost per ton, since many items of expense, such as management, skilled 
labor, taxes, insurance, etc., are fixed charges and increase very little with 
increased capacity, and even common labor does not increase in proportion to 
the tonnage. Also there is a saving in a big mill from the buying of supplies in 
large lots and the making of repairs on a large scale. Increasing the capacity 
of a mill may, by cutting down cost, allow poorer ore to be treated. This will 
cut down the average yield, and at the same time the profit per ton, but the 
total profit with the larger quantity and lower yield per ton will be greater than 
tbe total profit with the smaller quantity and the higher yield per ton. 

4. The continuity of running. This Is a great factor in cost. A mill 
that is idle half the time has to keep much of its labor on the pay roll, so that 
the monthly expense will not be in proportion to the time run. If the mill is 
idle for the purpanc of repairing breakdowns, it may happen that the total 
monthly expense, including repairs, will be greater than the cost of running the 
mill continuously for a month. The above facte call attention to the evil of 
building a mill too for tbe ore supply or of building any mill until the ore 
in sight warranto it. There often are exceptions to the last statement, where 
the cost of running a small mill part of the time is less than that of shipping the 
ore to a distant custom mill. 

5. The efficiency of tbe labor employed, and Its cost. In a large mill the 
labor is more effective, since it is more specialized, tbe skilled labor and 
unskilled being engaged in their special lines all the time. In a small mill the 
skilled labor either is idle part of the time or else engaged in doing lower class 
work. In large mills automatic devices saving la^r are more used. It is 
best to avoid cheap skilled labor as a rule, for by paying higher wages more 
intelligent men are secured who will be better satisfied and will be more than 
worth their extra cost. By having intelligent skilled labor, it will be found 
that many improvements will be made and coste will be reduced, which are 
not so likely to occur with cheap skilled labor. 

6 . The quality and price of supplies, fuel, etc., used. Supplies cost much 
more delivered to a mUl in a remote district than to a mill near the railroad. 

7. The power employed and its method of application. Many California 
mills obtain water power at a low cost, while the n\Ul<a at Lake Superior have 
to use steam power at a large expense. 

8 . The situation of tbe works as regards water supply, transportation of 
ore from the mine to the mill, and the disposal of t^ng. A mill located at 
the mine and haying ample room for a tooling dump saves the cost of hauling 
the ore to the mill and of hauling away the tailing. 



466 


TEXTBOOK OF ORB DRESSING 


9. The specific gra\dty of the ore. In figuring cost per ton the specific 
gravity will affect the result considerably since heavy ores are treated as 
rapidly by volume as light ones and therefore more rapidly by weight. 

10- The efficiency of the general management. This is perhaps the most 
important of all. The management requires technical skill in order to take 
advantage of every scientific improvement; business ability in order to pro¬ 
portion wages in all departments, according to relative efficiency and useful¬ 
ness, and to discriminate in employing the right man and the proper materials 
in the right place and in putting on or discharging an employee. The manage¬ 
ment must serve as the agent of capital on one hand, and the controller of 
labor on the other, prevent strife between them, and at the same time maintain 
discipline and inculcate a spirit of loyalty and harmony throughout the whole 
working force. 

11. Marketing the products. Another factor that is often of considerable 
importance is the requirement of marketing the products. This is sometimes 
done by contract with selling agents and sometimes by the company itself. 
In either case there is to be taken into consideration, in addition to the cost 
of marketing, the success achieved in disposing of satisfactory quantities 
of the product. It is in this respect particularly that the cost of milling may 
be greatly influenced through the effect produced by this factor in determining 
the volume of operations. 

Data ok Mill Opbratiko Costs. *^Data on cost of operation of some indi¬ 
vidual machines have already been given when the macnines were described. 
Total milling costs have also been given in Chapter XVI for some of the mills 
there described. The data which now follow will supplement these previous 
figures. 

It should be stressed that cost data may be nusleading unless interpreted 
by an experienced person and unless full information is given to show what 
items are included in making up the cost figures. The items which account 
for the largest proportion of operating costa are the regular expenses for such 
items as labor, power, and supplies, and these are all that are included by some 
mills in reporting costs of o|»ration- In fact, the author believes that many 
of the cost figures already given previously or to be given later are reported 
on this basis, but, lacking full information, be is unable to make this a positive 
statement. The total operating costs should include also various general 
items such as overhead, depreciation, iusuraoce, taxes, etc. 

Three tables will first given from BuUcfm 392, U. S. Bureau of Mines 
(1936), by T. G. Chapman. Table 92 gives a summary of tbe division of 
operating costs between various plant divisions at a representative group of 
copper concentrators. Tbe plants are tabulated in the order of their daily 
capacities, and accordingly the general variation of various costs and iota) 
costs with capacity may be not^. In Table 93 tbe costs of the individual 
plant operations are expressed as i>ercentages of the total operating cost at 
each plant, for comparative purposes. It will be noted that crushing, grind¬ 
ing, and classification costs account for around 50 per cent of the total Ealing 
cost for tbe flotation plants and that the flotation costs account for from 16 
to 25 per cent of the total. Table 94 gives the costs at these copper concentra¬ 
tors classified according to the nature of tbe costs. 

Total operating costs for various other plants are given in Table 95 together 
with a brief summary of the process used and other pertinent information, 

Snap Estimates. —In considering a process or a flow sheet prior to mill 
construction or prior to the making of detailed plans for the construction, the 
engineer is frequently called upon for estimates of the probable first cost of the 
plant and of the probable operating cost per ton of ore milled. From previous 
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experience in other more or less rimilar situations he is usuaUy able to give a 
reasonably good idea as to probable costs. The following examples of figures 
used in malung these snap estimates are taken from the MttaUurgical Bulletin 
of the Oenerxil Engineering Company (1929). 


TaBLE 95.—COSTS IK VAAIOUB TYPES OP MILLS 





Co- 




Company, 

Loootioft. 

Kiodof 

Ora. 

Mr 64 
Bogr*. 
Tom. 

SuDBary oT 
Traotttagt. 

Yaar. 

Total 
Opatating 
Coat par Ton. 

CorJkunjtD Mm«8, Lt4.... 

Ontorio 

Gold 

WO 

Cruohinf • ft&a grinding. 

1993 

90.90 

Rollincer ConMlidftted 
Gala Mu)«*. Ltd. 

Ootorio 

Gold 

uoo 

ayoni^ng 

Cniahuig. ^adiog. tobUai. 
ragriooliic. oyonldiog 

1999 

•0.423 

SMtti*Oold Uinat. Ltd. . . 

Queboo 

Geld 


Cruabing, ^e^ng. 
loUtioA 

Cniobing, cnodiog. 

1994 

10.6109 

lAva Cftp Gold Mining 

CalUormt 

Gold 

900 

1934 

16 674 

Corp. 




iototJoB 



Roc Mountiln Gold Mtn* 

Alabamo 

Gold 

150 

Cniabiog. ghodioS. 

1994 

91.19 

iec ond Co. 

AmorictB Zioo Co . 




lotation 


TaanaMoa 

Sift# 

1600 

Cruab»ng, Jigging, grind- 

1939 

$0.8412 

Podarol Mifiing nod Sb*H> 

Idaho 

Laod'iiaa 
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, tog. lotAUeo 

CnMing. grindiog, diffar- 
aotiol leUUon 

1980 

$0,906 

l&C Co. Bill). 

Fodorol Mining nod Sgiolt* 

Idaho 

Lagd'ua 

1900 

1090 

$1,029 

Cnachiof. gnodJog. diffar- 
aotial louLoo. aiddlisg 

ing Co. (Mortung bUI). 
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Ola diced 
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Cruabing, lupiatio Oob- 
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$0,394 
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1936 
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■ 
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The first cost of various types of milling plants, expressed in dollars per 
ton of capacity per 24 hours, is ^ven in the following figures. The range of 
cost for each type covers variations in capacity and local conditions. For 
example, desert conditions, remote looarions, and cold climates will make for 
higher costs. 


Qr«T)ty Ji&^Tri^w pr««4iM 

g rftYity eoQc«a|rfttiea. «t«. 

ravily «onc*nuaU9a mtb fletatiM. 

Ail'flautian. atvaitbc. 

AU'SoUtian. (hre«>product. 

Cyafiid*. aJl din*. 

SiftBpa and . 


tlOO M ISO 
laOO M 460 
SOOO (o tooo 
WOO to 600 
1700 to 1000 
1000 to 1400 
1450 W 700 


To estimate total cost of complete mill on basis of cost of machinery, add 
$0.75 to $1.^ to each $1.00 of the machinery invoice. The total cost of the 
mill building may be estimate: wood construction, 7 to 12 cents per cubic 
foot of volume; or steel construction, 9 to 15 cents per cubic foot of volume. 

The following figures show total milling costs in cents per ton for difierent 
types of mills with range from large capacity to small capacity for each ty]M. 
Stamping and amalgamation in a large gold mill cost only $0.30 per ton while 
the operation of a small three-product flotation plant costs $3.25 per ton. 
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Tena Capwit? p«r 24 Houn. 

15.000 

5.000 

1.600 

500 

150 

8br*i<bt Soutlao .. 

40 

60 

SO 

40 

60 

SO 

110 

50 

20 

60 

70 

110 

150 

60 

50 

too 

00 

lao 

L75 

75 

60 

150 

issill 

oouiioo • .... 

Tbraa’produrt fipuiiee. 

QfpTity . 

SMmM 4aBl«»DaUpn (goJa). 

«y4ajdibC (coJd) ... 


&o 


125 

IM 

250 

150 

100 

250 


16 


176 

250 

525 

200 

160 


Flcures on crushing and grinding coets in cents per ton are given below 
for imUs ranging from 15,000 tons down to 15 tons capacity per 24 hours. 
These biing out the advantage of large mills in reducing <^ts and also the high 
cost of the grinding steps as compared to breaking and secondary cashing. 
The slightly lower cost of the second step of grinding (from 50 to 200 mesh) 
may be explained on the basis that the first step (from secondary crusher to 
60 mesh) covers a greater ran^ of reduction and also produces a considerable 
proportion of 200-mesh material. 


Tom Copoelty per 24 Houra. 
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Saoondery eruebiai 
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10 

7 

20 

16 

10 
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15 

75 

28 
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40 
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Total power requirements of mi 
per ton of ore treated, for mills of v 
type of mill and also with the varic 

« ^ » -1 
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wn be 
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of kil 
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2 ry wi 
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500 
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60 

16 
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SUspa and *m*ls*ipatiea (seld) 
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16 

IS 
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10 

1 

IS 

21 

24 

12 

10 
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20 
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26 
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12 

22 

25 
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42 

25 

It 
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60 
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74 
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Charges for electric power are usually based upon a variety of factors, 
in which the total power consumed and maximum demand have most influence 
in determining the rate. In the following rate comparison, which is based 
upon reported costs of power in milling plants, the figures are for 360, 24-hour 
days per year with an average motor efficiency of 85 to 88 per cent. 


Par Bor*eppwer*y«ar. 

P«r HoT*epow*r*iBoAtb. 

Ptr KilawaU'baur. 

CandUioiia. 

6150 00 ! 

612.50 

2.0 ceaU 

Daaert and unfavorable 

120.00 


1.6 ceata 

Daaart and unfavorable 

20.00 1 

7.50 

1.2 caata 

Daaert and unfavorable 

75.00 

0.25 

1.0 eaou 

Averaxa 

60,00 

5.00 

O.S aapta 

Average 

45,00 

t.75 

O.Saanta I 

Favorable 

to ,00 

2.50 

0.4 eenta 

Favorable 


EVALUATION OP ORS-DRESSINO RESULTS 

Mbtallukoical Balance. —Quantitative expression of the results of a 
milling operation is based on tonnage and assay data. UsuaUy the tonnage 
in the main ore stream in the plant is measur^ continuously, by means of 
weightometers, automatic time sampling, or other appropriate methods. 
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The plant feed, the final products, and the imporiaot intermediate products 
are sampled automatically and analyzed chemically. These data are used 
to set up the metallur^cal balance sheet for the concentration process; or, 
if tonnage and assay data for an individual unit are obtained, the metallurgical 
balance for one machine may be set up. Likewise the weight and assay data 
from a simple laboratory batch test are usually placed in the form of a metal¬ 
lurgical balance table. For convenience in interpretation of the results, 
especially in testing or in companng data for different conditions, weights in 
the metallurgical balance may be expressed in terms of percentage as well as in 
actual weight. An example is given in Table 96. 

If weights and &asa.ys of concentrates, tailings, and feed are all determined, 
the accuracy of the determinations will be shown by checking the sum of the 
weights for concentrate and tailings against the fe^, in the column Weight 
Tons and also in the column Tons Copper. While exact checks are not usually 
obtained, an appreciable difference indicates cither errors in determinations 
or losses unaccounted for. Owing to the difficulties involved in making accu¬ 
rate tonnage measurements, the W’eights of concentrates and tailings are 
frequently calculated by formulas from the assays and the feed weight in 
making up a balance. 


TABLE 96.—METALLUAGICAL BALANCE 



Whfbt. ' 

P«r C«Bt 
Copp«r. 

Ton* 1 
CopIMr. 

P«r Cent of 
ToiiJ Coppor. 


■ffH 

1 

1 SI 

1 SI 


Confl^nlrAtM. .. ... 


97 91 

1 82 

OS 13 


1^9 

0.00 

I 4, 

0.00 

0.S7 

. . > . . .... 

1 otUA snd . 

• W. vv 

1.81 

1.91 

1 


la comparing data for different conditions and different operations or in 
expressing the general efficiency of concentration, it is useful to consider 
certain calculated or measured figures based on the metallurgical balance. 
Percentage recovery, grade of concentrate, and ratio of concentration are the 
common figures usm for these purposes. 

Recovery formulas and other formulas used in milling are ^ven in the 
Appendix, 

Recovery. —The percentage recovery or percentage extraction of an ore 
constituent is the per cent of the total amount of that constituent ori^nally 
present in the ore which is recovered in the concentrate. For example, in 
Table 96 the copper recovery is given in the last column of the table opposite 
the concentrate and is 93.13 per cent. 

For concentrates of a given unit value it is apparent that the ^oss return 
from sale of concentrates per ton of ore milled is directly proportional to the 
per cent recovery. Hence the recovery has direct economic significance as a 
gage of the concentration effectiveness, and, in producing concentrates of a 
given composition, the gross value of increasing the recovery by one unit is 
directly calculable and may be compared directly with the extra milling cost 
involved. Practically, however, the unit value of the concentrate decreases 
when the recovery increases, and both must be considered simultaneously in 
determining the point of most profitable recoverjr, as will be shown later. 

Subtracting the per cent recovery from 100 jgives a figure which is termed 
the “per cent rejection." The per cent rejection for the constituent whose 
recovery in tbe concentrate is desired is, of course, an expression of the losses 
of that constituent in the tailings. The per cent rejection of an ore constituent 
whose presence in the concentrate is not desired may be considered as one 
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measure of the effectiveness of concentration in eliminating that constituent 

^ ^Co^^T^TB Grade. —Concentrate grade is an expression of the purity 
of the concentrate and is the assay of the concentrate as per cent metai, ^r 
cent valuable mineral, or ounces precious metal per ton, depending on tne type 
of ore involved. The grade of a concentrate in a given plant is generally a 
ffood indication of its relative unit value, although it is technically possible 
that the content of impurities affecting the concentrate value may vary to 
some extent for a given concentrate grade. The smelter schedule or sales 
contract for the concentrates affords direct means for evaluation of the unit 
value of the concentrate from the concentrate grade; and thus the vanation 
in gross return from concentrate sale with variation in concentrate grade, lor 
a given per cent recovery, is directly calculable. . . j 

Ratio op Concbntratiok. —The ratio of concentration is denned as tne 
number of tons of ore which are fed to the concentration operation to produce 
1 ton of concentrate, that is, it equals the ratio of the weight of ore fed to the 
weight of the concentrate produced. For the data in Table 96 the ratio of 
concentration is thus 100 to 4.5 or 22.2 to 1. Numerically this ratio may vary 
in practice from just over one for an operation discarding as waste only a 
small per cent of the original ore bulk to several hundred or more for a plant 
treating a precious-metal ore. It is apparent that consideration of ratio of 
concentration in conjunction with the concentrate unit sale value gives a 
direct evaluation of the gross return from concentrate sale per ton of ongmal 

The ratio of concentration is approximately equal to the raiio of tnrickmc^, 
defined by Truscott as the ratio of the assay value of the concentrate to that 
of the ore. Wgorously the ratio of enrichment equals the product of the ratio 
of concentration and tKe recovery. The ratio of enrichment does not have the 
direct economic significance of the commonly used ratio of concentration, but 
perhaps it gives a^ttcr idea of the cleanliness of the concentrate. 

Extent or Concentration. —Ore-dressing processes do not make perfect 
separations of minerals even under relatively favorable conditions. Also it 
is generally true that the bettor the separation made, the greater is the cost of 
separation, using a given process. Inasmuch as the gross returns from 
concentrate sale per ton of ore milled also increase with improvements in 
the separation, there will be a point at which maximum profits are obtained, 
or a most profitable extent of concentration. The establishing of this point 
is complicated by the fact that the gross returns from concentrate sale depend 
on both recovery and grade. In any given process a higher grade means a 
higher ratio of concentration and a lower recovery. A higher recovery means 
a lower grade and a lower ratio of concentration. The point of most profitable 
extent of concentration is of interest to both designer and operator: to the 
designer as an indication of bow elaborate the mill should be to begin with, 
and to the operator as an indication of whether the concentrator should be 
adjusted to give a high recovery in medium-grade concentrates, to give a 
lower recovery and relatively high-grade concentrates, or to give some com¬ 
promise between the high recovery and high^rade concentrates- The deter- 
minarion of the most profitable extent of concentration requires technical 
and experimental data to establish the relationships between recovery and 
gr^e or between ratio of concentration and grade, cost data for each set of 
con^rions, and the schedule of smelter rates for various concentrate analyses. 
Using these data, the net profit per ton of ore milled for each set of conditions 
can be readily estimated and the condiUons for most profitable operation 
chosen. 
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The extent to which concentration is carried varies widely among different 
plants and la affected by the following factors. 

1. The nature of the ore. High-grade ores and ores of highly valuable 
minerals justify more elaborate dressing to ^ve higher recovery and purer 
concentrates. The amenability of the ore to separation^ as affected by the 
fineness of dissemination, umfomdty, differentiation in properties between 
the minerals to be separated, grindability, primary slime content, and other 
ore characteristics is also of primary importance. 

2. The size and anticipated life of the plant. Operating economies of 
large-scale operation make it profitable to use more extensive treatment and 
attain higher recoveries and higher concentrate grades than are possible in 
small plants. Lower amortisation costs per ton of ore for plants of high 
capacity or of long life anticipation also make it profitable to build a more 
elaborate plant and place more emphasis on g^d metallurgical results. 
Smaller sised, more temporary plants give maximum net profit when the 
cheaper and simpler processes are us^ with some sacrifice in metallur^cal 
results. 

3. The concentrate sales contract. The previous discussion of smelter 
schedules indicated the extent to which the sue value of metal concentrates 
depends on the grade and the contents of various ore constituents. The sale 
of industrial minerals involves similar arrangements, frequently] with very 
rigid specifications as to maximum content of certain impurities. High 
premiums in favor of pure products, such as are paid by sine retort smelters, 

( ustify operation to pi^uce pure concentrates, frequently at a very apprecia¬ 
te sacrifice of recovery. 

4. Freight rates. High freight rates and long baulMCs of the products to 
the market justify extra emphasis on concentrate grade to reduce the bulk 
of material shipped. 

5. Economic conditions. When market conditions are good and metal 
prices are high, the mill operator will generally find it profitable to run greater 
tonnage through the plant or strive for maximum recovery, whereas during 
business depression be may find it more worth while to operate at reduced 
tonnage ana give more attention to producing high-grade concentrates. 

Efficiency Indices. —Various authors and i^l operators have suuested 
empirical single-figure indices to express the efficiency of an ore-dressing 
operation without considering several figures at once. The practical value 
of these indices is limited, however, partially because the direct purpose in 
concentration is not strictly maidmum technical efficiency, but rather maxi¬ 
mum profit. 

The selectivity index, as proposed by A. M. Gaudin, is the geometric mean 
of the relative recoveries and relative rejections of two minerals, metals, or 
groups of minerals or metals. Letting represent the per cent recovery of a 
in the concentrate and A the per cent recover of b in the concentrate, the 
selectivity index for the separation of the constituents a and b, in favor of the 
recovery of a in the concentrate, is ^ven by the following formula: 

Selectivity index * 



For example, if a concentration operation ©ves a metal recovery of 90 per cent 
and 5 per cent of the gangue is recovered in the concentrate, selectivity 

. ^ ^ 13 . 1 , The selectivity index may also be calculated from 


index s 
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fiss&vs Letting X* and X* represent the per cents of a and b, resi^ctively, 
in the concentrate, and K, and the per cents of a and 6, respectively, m the 
tailingSj the index is calculated as follows: 


Selectivity index * 


\X4’>'. 


Metallurgical efficiency, as proposed by R. W. Diamond, is the arithmetic 
average of the recoveries of eacn important constituent or group of constituents 
in their respective products, inclu<Ung the tailings as a product. In a simple 
one-concentrate ofJeration it is thus the arithmetic mean of the per cent 
recovery of the valuable mineral in the concentrate and the per cent rejection 
of the gangue in the tailings. For the example used above to illustrate 

calculation of the selectivity index, metallurgical efficiency *-j— * 92.5 


per cent. If more than two products are made, for example, in the concentra¬ 
tion of a complex lead-sine ore, one average figure represents the efficiency of 
the process as a whole. 



CHAPTER XVIir 

ORE EXAMINATION AND TESTING 

It cannot be stressed too strongly that, before an ore-dressing plant may 
be designed and a flow sheet finally decided upon, the ore or ores which are to 
be concentrated In that plant must be thoroughly and critically tested in the 
laboratory, (1) to determine the process or flow sheet to be used and (2) to 
estimate as closely as possible the metallurgical and economic results which 
would be obtained using the process or flow sheet chosen. For large plants 
laboratory tests should be followed by pilot mills using fuU«sised machines. 
Laboratory testing during mill operation is of importance in checking and 
controlling the operation, adjusting the operating conditions to changes in 
nature of the ore or other changes, and improving metallurgical performance 
to obtain highest possible net profit from plant operation. Maintenance 
of a well-equipped testing laboratory is of particular importance at flotation 
plants and especially in custom mills, as occasions arise frequently when test¬ 
ing results in considerable saving. 

Operations involved in testing may be classified in two broad groups which 
are closely related. These ma^ be designated, subject to further amplifi¬ 
cation, as methods of examination of ores and mili products and methocis of 
testing in w'hich an actual ore-dressing process is reproduced on a laboratory 
scale. 

The properties of ores and metallurgical products on which concentration 
depends are in general not amenable to quick determination by visual examin¬ 
ation. Chemical analyses are of primary importance in determining metal¬ 
lurgical results, but analyses alone will give indirectly only limited information 
as to the ore properties which actually cause the results. Methods for accur¬ 
ate determination of mineral<^cal nature, fineness of dissemination, particle- 
size liberation relationships, and similar factors are also necessary for laboratory 
concentration work and indispensable in good flotation work. Sizing methods, 
including settling tests, microscopic and macroscopic examinations, heavy 
liquid tests, and other laboratory techniques of a similar nature, when properly 
applied, enable the technician to approach an ore-dresting problem and inter¬ 
pret results from the direct standpoint of studying the ore properties on which 
the mineral separations ultimately depend. 

If a sample is submitted for investigation, it is rarely possible, particularly 
in flotation, to predict even from the most thorough ore examination the 
results which will be obtained in an actual milling pr^ess. Accordingly, 
common mill equipment, crushers, ball mills, classifiers, jigs, tables, flotation 
cells, amalgamation devices, and magnetic separators are available in small 
batch units which may be conveniently used in the laboratory. When batch 
tests alone do not give sufficiently complete data, laboratory-»ze continuous 
pilot mills may be used. 

Methods op Examination 

Sauplino and Assatinq. —The general subject of sampling has been 
taken up in Chapter XV, but, owing to its primary importance in testing work, 
sampling methods applicable to testing will be reviewed at this point, par- 
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ticularly those used during the crushing and preUminary examination of lota 
of ore submitted for testing. The importance of starting an exammaUon 
with a sample which is definitely known to be represenlattpe is obvious, out 
this fact can bear much repetition because the average nontechmeal man 
does not fully realise it and learns it only by costly ^penence. - 

Assuming that the initial lot of ore for tesiing is representative, further 
attention must be given to sampling throughout the testing prograrn, ^mtne 
final analysis the metallurgical data collected are based on the weights ana 
ass&ys of the intermediate and final products of the testing work, oamplmg 
rules, baaed on the nature of the ore, should be carefully observed, that is, 
the weight of the sample obtained should be greater than a minimum value 
corresponding to the particle sise at which the sampling tak« place. It is 
general practice to carry out sampling and crushing operations on coar^ 
samples simultaneously, alternately crusning finer and sampling, until a sample 
of tlie desired size is obtained. 

Riffle samplers such as the Jones sampler and the split shovel are conven¬ 
ient and accurate for most laboratory work. In using splitters of this type 
the distance between riffles should be at least four times the maximum par¬ 
ticle diameter in the ore. Also the relation of the size of splitter to the amount 
of ore sampled should be reasonable. For example, if a 100-gram sample of 
flotation concentrate is to be split down to obtain a small sample of a few grams 
for maUng a briquette, a standard size sampler is unsuitable; a small splitter 
(mierosplitter) perhaps 2 to 3 inches long with riffles ^ inch apart is much 
more accurate. For further information on sampling pnnciples and methods 
the reader may refer to any recent text on assaying. 

Complete assaying equipment, consisting of crushing apparatus, screens, 
furnaces, balances, and other accessory apparatus for gold and silver ores and 
of chemical apparatus for other ores, must be provided. This becomes a 
part of the entire testing division which includes the various apparatus and 
operations covered in this chapter. All parts of the testing division should 
be conveniently located with respect to one another to facilitate cooperation, 
and generally all should be in one separate building easily accessible to the 
mil). 

CRVSBiNO.^For crushing small quantities of ore for examination, tbe hand 
mortar and screen are invaluable. The mortar may give greater or smaller 
proportion of fines according to bow it is used: if tbe undersize is sifted out 
at short intervals during the crushing, tbe production of fines will be dimin¬ 
ished. A little jaw breaker worked by a band lever, crushing from 2 to 
inches, is convenient for lots of a pound or two. The laboratory size of the 
Sturtevant roll-jaw breaker is very serviceable for crushing lots of from 10 
to 30 pounds to i inch in diameter. A little Blake breaker and a pair of 
crushing rolls will speedily bring 100 pounds or more to any desired size, and 
makes the most serviceable plant for this class of work. The sample grinder 
and the bucking board, which is a horizontal iron table on which the ore is 
ground by hand with a heavy iron muUer, are satisfactory only where extreme 
fineness is sought, as they tend to make a larger proportion of fines. 

Sizing.— Inasmuch as particle size and particle-size distribution are 
factors of highest importance in all ore-dressing processes, their methods of 
determination should be given full con^deration. The isolation of each size 
fraction of a sample for separate observation and study is accomplished simul¬ 
taneously with determination of size distribution by the methods most used 
for or^ressing work. For particle sizes down to about 0.05 millimeter, 
sizing is accomplished satisfactorily by screening. Under about 0 10 milli¬ 
meter, however, screening is rather limited, tbe finest screen manufactured 
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and used in the laboratoiy havii^ an aperture of 0.037 millimeter (400 
mesh). Elutriation and sedimentation methods are used for sizing under 200 
or 400 mesh down to colloidal fineness (1 to 2 microns). 

SCREEN I NO. —The Tyler standard «eve scale, with the lUttinger sieve 
ratio equal to \/2 or 1.414, is standard for testing work. Sieves in the double 
Tyler scale with sieve ratio equal to -*^2 or 1.189 supplement the standard 
^nes for unusually close ^sing. These series of ^eves have been listed in 
Table 23 in Chapter IX and also briefly discussed. Testing sieves according 
to these specifications with apertures from 4 inches down to 400 mesh are sup¬ 
plied as circular hand sieves in diameters from 6 to 18 inches. The 8-inch 

sieves are recommended for gener^ laboratory work. 
Tyler screens are supplied in regular height and h^f 
height. For the 8-inch sieves the regular height is 2 
inchtt above the screen cloth, and the half height 
is 1 inch. Figure 228 shows a nest of sieves with a 
bottom and a cover. The extended bottom rim 
of each sieve fits into the top of any rieve of the same 
diameter and also into the top of the bottom pan. 

For testing considerable quantities of ore, it is 
convenient to have a horisontal shaking screen of the 
Ferraris type, 1 foot wide by 3 feet long, driven by 
an eccentric with a 2-inch throw (capable of variation, 
preferably), and suspended by incuned rods to have 
an upwaid forward motion on the forward stroke and 
a downward backward motion on the return stroke. 
This motion causes the oversize to travel rapidly off 
the screen. A whole set of different sizes of screens 
may be kept on hand, and the shaker design may be 
adapted to mounting one or more of them at a time. 
A 20- by 30-incb Tyler Hummer vibrating screen, 
known as the type 38 Jr., is also convenient for 
similar purposes and may be operated directly from 
alternating-current light circuits. 

Wire screens with square holes are almost uni¬ 
versally used in ore dressing for testing, but in some 
industries testing screens of plate with round boles 
are found. Roughly a square hole will pass a particle 
about 1.4 tiroes larger than that passed by a round 
hole of the same size. This is logical as the diagon^ 
of a square is 1.4 times the diameter of a circle inscribed in the square. 

STANDARD HAND METHOD TOR SCREEN TESTJNQ OF ORES.—Comparisons 

of screen-sizing tests on different materials are of doubtful value if a standi 
procedure is not adopted in making screen tests. The following procedure 
was developed through several years of research and con^deration by the 
American Institute of Mining and Metallurgical Engineers Technical Com¬ 
mittee on Milling Methods and in 1932 was approved as a standard by the 
American Standards Association. 

Sieves .—The sieves shall be 8 inches in diameter, with well-fitting pan and 
cover, all to be free from crevices wherein particles can lodge. The sieve- 
scale ratio must not be more than y/2, the finest sieve used being optional with 
the individual operator. It is recommended, however, that sieving be carried 
to 400 mesh, the 200-mesh sieve being followed by the 270-mesh (aperture 0.052 
millimeter) and this by the 400-mesh (aperture 0.037 millimeter). 



*ore«nj. 
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Preparation 0 } the SampU.—The material to be rized should be thoroughly 
dried at 110 degrees centigrade, well xzuxed, and divided by riffling to an 
WQOunt within 10 per cent of the standard charge. The final adjustment of 
the exact weight may be made by adding to or subtracting from this split, 
although it is preferable to take the entire split. ... . 1 . 

Size of SampU or Weight of Charge.—li the coarsest particles m the samph. 
fall within the limits of sise designated in the accompanying table, the corre¬ 
sponding weight of charge is considered as standarf. Doubl^ize charges may 
be taken by making two siring tests and combining like products. 


STANDARD CnAROB WEIGHT 

C<Mm% Om*. 

lA SftMpI*. MiUincun. 

)S.00t»U.» 40.m 

ll.i9U> S.OO 4'SSa 

& 66 S.OOO 

““ !?S 

100 


S.OOto 

s.oou 
4.00 to 
9.00 to 
l.OOto 0.60 
0.40 to 0.26 


60 


O.M to 0.00 

Wet Splits —The sample is sieved wet through the finest sieve, preferably 
using distilled water. This may be done either by decanting through the sieve 
or by direct wet sieving on the sieve. This operation is only earned far enough 
to remove all the slime and some sand. The undersixe and overs;se are both 
dried at 110 degrees centigrade, cooled, and weighed. Any loss in weight is 
added to the undersize. ., . . , 

Standard Hand-eieving Manipulation.—In dry hand-sievnng it is advisable 
to work over a smooth paper to indicate spills. The sieve with pan and cover 
in place is held slightly inclined in one hand and, with a stroke of 6 to 8 inches, 
is gently struck against the other band 150 times per minute, turning the sieve 
one-sixth revolution after each 25 strokes thus completing a revolution in 1 
minute. This operation is called a 1-minute period in the standard. If the 
400-mesh sieve U used, a 6-inch diameter is recommended; with a 6-inch sieve 
200 strokes, at the same speed, are given, turning the rieve one-eighth revolu¬ 
tion after every 25 strokes. This cycle is the equivalent of 150 strokes for the 
8-inch sieve. 

End Point in Sieving .—The end point in rieving is reached when less than 
0.05 per cent of the weight of the original charge passes through the sieve in 
a 1-minute period. 

Lhy Sieving Oversize from Wet Split .—The oversize from the wet split, 
after drying and weighing, is sieved dry on the finest sieve until the underbizo 
for a 1-minute period is less than 0.1 per cent of the original weight of the charge. 
Brush both sides of the sieve to remove dust and loosely held particles in the 
meshes. Return the overrize to the sieve, and continue sieving until the 
undersize for a l-minute period is less than 0.05 per cent. Repeat the brush¬ 
ing of the sieve, and sieve for another 1-minute period. If the undersize from 
this is ^ain less than 0.05 per cent, return it to the overrize; if it is more tlian 
0.05 per cent, continue sieving until a 1-minute period gives less than 0.05 per 
cent. All the undersize of the finest sieve is weighed and added to the under- 
sise from the wet split. 

Remove the oversize, and clean the sieve by tapping the sides, by brushing, 
and by rubbing with a flat rubber. The material obtained from the sieve 
by this cleaning is added to the oversize, which is weighed. Any loss in 
weight is added to the undersize of the particular sieving in which the loss 
occurred. The total loss for the entire rieving operation should not be mote 
than 1 per cent of the weight of the original sample. 
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!?• Tyler RckUp mechanical sieve shaker U shown in 

Jig. 1^8 device reproduces the circular tapping motion given testing 

siev« in h^d «eving. It accommodates 7 regular-height 8-inch Tyler sieves 
or Id half-height sieves at the same time. Using a ^ven weight of samDio 
and a given tune of shaking, for example, 15, 20. or 30 minutes, dependable 
and reproducible results are obuined at a considerable time and labor saving 
over hand sieving.^ A Ro-tap or other type of mechanical screen shaker is 
considered a necessity in testing laboratories in which routine screen analyses 
are frequent. An automatic control may be set to stop the motor at the end 
of any desired time interval. 

ELOTRIATION.— In Studjjng flotation and grinding problems, the materials 
used arc necessanly in a fine state of subdivision, with large percentages 
passing a 200-mesh screen. Formerly little was known regarding the size 



Fro. 220-—Tyler Ro-Up sbakor with Stop-rite tire* »w5tcb. (CouHtty of Tht W. S. Tjrfer 

Company.) 

distribution and the properties of ore particles in the sub-sieve sizes below 200 
mesh. As the theory of crushing was developed and as various problems in 
grinding and flotation arose, more and more attention was devoted to a study 
of the properties of this very finely divided material. The theories of both 
flotation pnenoinena and crushing phenomena are closely related to surface 
area and surface properties, and, as surface area per unit Tveigbt of material 
is inversely proportional to particle sise, it was soon discovered that most 
of the surface in fine crushiog, grioding, and flotation products exists in the 
sub-sieve size range below the screening range. The application of elutriation 
sizing to extend the size analyses from the former limit of 74 microns (200 
mesh) down to 1 or 2 microns (near colloidal) was a major advance which has 
already contributed much to present knowledge of grinding and flotation 
fundamentals. 

An elutriator in its simplest form is a simple tubular classifier of the free- 
settling typo. The Richards spitzlutte. Fig. $4, page 130, with accessories 
for accurate regulation and measurement of its rising velocity may be used as 
an elutriator for sizing purposes. However, the original spitzlutte has been 
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modified and improved by several workers to a Jugh degree of 
deoendability as a laboratory sising device m tbe last few years The sbor^ 
column elutriator recently developed in the U. S. Bureau of Mines labor^ 
lories and described in Report oj Irw€9ligaiton9 3333 of the U. S. Bureau of 
Mines February, 1937, appears to be a notable advance over former devices 
and has been adopted in several laboratories- Special precautions, such as 
usine the proper weight of sample, creating and maintaining complete dis- 
oers^n of the sample, and others, must be observed for good results. Ihese 
n^y best be learned by referring to the original paper mentioned above. 

Stokes law of settling under viscous resistance conditions is used to 
estimaU water velocities to be used for different divisions by the elutriator. 
For exact work particle sises may be checked by actual measurement of each 
fraction under the microscope. If minerab of different specific gravities are 
present in the elutriated material, light minerals in each fraction will be made 
UP of larger sise particles than the heavier minerals, in accordance with the 
selling law. In designating particle sises for elutriated fractions, it is thus 
necessary to refer to one mineral as standard, quarts (specific gravity 2.65) or 
pvrite (specific gravity 6.00) being common standards. Table 97 gives the 
c^alcuiated quarts settling velocities and other daU for extending the standard 
sieve scale into the sub-sieve range. . 

It will be noted that the third column of Table 97 gives theoretical mesh 

sizes. This designation b based on the 200-mesh Tyler screen with 0.074- 

millimeter or 7^raicron diameter of bole as standard and continuation into 

the sub-sieve range following the geometrical ratio of or 1.414. Thus, 

for example, the 800-mesh sieve hole is one-fourth the diameter of the 200- 

mesh hole, and the 540-mesh hole b 1.414 times the $00-mesh hole and so on. 

Thb column is included here because theoretical mesh b used to some extent, 

but the author believes that such usage b undesirable, (1) because there are 

actually no sieves finer than 400 mesh and (2) because it perpetuates the use 

of the objectionable mesh designation which is indefinite unless the size of wire 

is given or reference b made to establbhed standard such as the Tyler standard 
• 


sieves. 


TABLE 97.—THEORETICAL SETTLINO VELOCITIES OF SUB-SIEVE SIZES OF QUARTZ 

IK WATER AT 20 DEGREES CEMTIGRADE 


1 

Sis* R»n(«. 
Mieion*. 

Av«rftB« Sim. 
MicroB*. 

E^uivftlent 
Tb*oreti«*t Me*b. 
Tyltr 8o*l«. 

Roni* of Vfiocili** 
of Qoftrti PorlicI**. 
MiUimeter* per Second. 

58.4 toT4.0 

53.0 

870 to 200 

2,45 

to 4,08 

87.0 52.4 

44.5 

400 to 270 

1,23 

to 2.45 

85.2 to 37.0 

31 5 

540 to 400 

0.52 

to 1.23 

IS.5 (»85,2 

28.4 

800 to 540 

0.31 

to 0.52 

13.1 IS.5 

IS.S 

1080 to 800 

0.15 

toO.SL 

0.3 (» 13.1 

11.2 

IGOO to 1080 

0.077 

to 0.15 

5.6 U 0,3 

7.0 

2150 to 1500 

0.038 

toO 077 

4.5 t* 5.5 

5.5 

3200 to 2150 

0 019 

to 0 038 

3.3 to 4.5 

4.0 

4320 to 3800 

0 0095 to 0 019 

2.3 to 3.3 

2.8 

5400 io 4380 

0.0048 to 0 0055 

0 to 2.3 

1.8 

Tluough 6400 

Voder 0.0048 


AIR ELDTRiATioN,—Stokes law of Settling also applies to settling in air 
and other gases, and thb fact has been utilized practically in various forms 
of elutriaters using controlled rising currents of air to make the size .separations. 
The accuracy of pneumatic elutriation b questionable for the very fine sizes in 
wet-ground material which has been sul^quently dried and thereby caked. 
However, excellent checks have been obtained for separations on dried material 
at 10 microns and coarser in welt-designed air elutriators. 
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HauUatn In/ra^tur .—This is an air elutriator developed especially to 
meet the sub-sieve sizing requirements of ore-dressing laboratories, which 
has been adopted in a number of plants for control teste as well as for research 
on sub-sieve material, just as the standard sieves with a Ro-tap shaker are 
used for coarser materia). The infrasiaer is well suited for such use, because 
It is faster than a water elutriator, it requires practically no attention during 
operation, and the fractions are obtained in dry form for immediate weighing 
and examination. 

The infraaizer consists of seven vertical tubes in series, each tube having 
twice the cross-sectional area of the preceding tube in the series. The 
smallest tube is 2.5 inches in diameter and the largest 20 inches. The tubes 
are all mounted together and suspended from a vertical frame. They are 
continually jarred by a cam mechanism at the top which lifts them slightly 
and lets them fall several times a minute. The dry sample is placed in the 
smallest tube, and air is blown through the series at a carefully controlled 
rate. Eight products are recovered, one from each tube and one from a dust- 
collecting bag placed after the largest tube. The usual practice b to make 
the final split at a point equivalent to the 10-micron site of quartz particles. 
An essential feature of the apparatus b an ordinary golf ball near the apex of 
the cone at the bottom of each tube. 

SEDIMENTATION,—Thw b a Simpler method of grading fine material accord¬ 
ing to particle settling yelodUea and may be used in the absence of an elutri¬ 
ator. This method will give good results if applied carefully but requires 
much more time and attention and b not to be recommended for routine 
work. Briefly, sedimentation siring removes by decantation successively 
coarser and coarser fractions. The sample b stirred up in a relatively large 
N'olume of water in a suitable vessel and allowed to settle for a definite time, 
after which the liquid with suspended solid b decanted or siphoned off down to 
a predetermined level an inch or so above the settled materisl. Thb sequence 
is repeated until the decanted liquid b clear. Thb first product b the finest 
fraction. The residue in the vessel b subjected to a second treatment like 
the foregoing except that the time of settling is decreased, and this yields the 
next coarser fraction. Successive similar treatments with decreasing times 
yield continually coarser fractions, and the final residue in the vessel is the 
coarsest fraction of all. The time of settling and the depth of the liquid 
layer removed each time correspond to the settling velocity at which the 
separation is made. 

OTHER METHODS FOR DETERMINATION OF SIZE DISTRIBUTION.—For SOil 

analysis and in various industries sundp^ other methods, such as the sedi¬ 
mentation balance, the photoelectric turbidimeter, and the Bouyoucos hydrom¬ 
eter, find application, but these have little use on ores. They are described 
and discussed by W. H. Cogbill and F. D. DeVaney in the Bulletin cf the 
Missouri School of Mines and Metallurgy, vol. 13, No. 1, page 39, September, 
1938. 

Recording and Plotting Results of Size Analyses. —Printed or 
mimeographed forms are convenient for recording rize-analysb data. These 
forms have spaces for a description of the sample, its identifying number, 
the type of sizing test made, and other mbceUaneous general information, 
as well os a muUicolumn table. One or more columns provide for Ibting the 
sizes in mesh, millimeters, microns, or inches either as actual sieve apertures 
or as the theoretical corresponding sizes of products of elutriation or sedi¬ 
mentation. Other columns provide for actu^ weights of each rize, the cal¬ 
culated per cent weights of each size, and the cumulative per cent weights, 
that is, the totals of everything coarser than each rise. These individual and 
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cumuJative per cents are iUustrated in Table 4, on page 30. StUl o^er columns 
m&y be left unlabeled for use in recording miscellaneous data such as assays, 
per cent distribution of metals, surface areas, etc. 



Fjo. SSOa.—Cumulaliv* dimt plot. 



Fio. 3806.—Cumulative logonthraic plot. 

Graphs of sizing tests afford quick and easy comparison of different mate¬ 
rials and bring out signiffcant relations not always readily recognised in the 
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table of ^ults. Several methods of plotting are used, depending on the use 
to be made of the data. Three of the most common methods ate summarised 
m the following and a special method is also added. 

1. Cumu^ive Direct Plot. —Screen apertures or calculated particle sizes 
determined by elutriation or sedimentation, expressed in inches, millimeters, 
or microns, are plotted direct as abscissas and cumulative weight per cents 
direct as ordinates as shown in Fig. 230a- This method has the disadvantage 
of spre^ing the curve for large particle sizes and crowding the finer sizes. 

2. Cumulative Logarithmic Plot. —Cumulative weight per cents are plotted 
against logarithms of screen openings. This is illustrated by Fig. 230b, which 
IS drawn from exwtly the same sising-test data as Fig. 230a. Using a standard 
geometne-ratio sieve scale, this method gives equal intervals between successive 
screen sizes. It thus affords probably the hc^i method for general compar¬ 
ative work. 

3. Logarithmic Siu-distrilnUion Plot. —Individual weight per cents are 
plotted against logarithms of screen opening, and joining of the successive 
points forms an irregular line instead of the smooth curves of Figs. 230a and 
2306. Paiticle-size distribution plotted in this way is useful in general testing 
work and for many purposes gives a better visual picture of the size properties 
of a material than either of the above cumulative plots. 

4. Full Logarithmic Plot. —'Hiis special method of plotting logarithms of 
sizes against logarithms of weight per cents has been shown in Fig. 61 in 
Chapter VII, where its value in the theoretical study of size distribution has 
been demonstrated. 

Calculations or Average Particle Size; Mean Mesh Size.—A wide 
variety of methods has been used to calculate average particle size from size- 
distribution data, each method giving a different figure of different significance. 
Such computations should be made on a basis Wiat takes into account the 
application for the average size figures obtained, and their significance should 
be designated in some way. 

The true average particle size for the whole size range is obtmned (1) by 
multiplying in each fraction the average diameter of particle by the number of 

E articles, (2) by adding together the products of the multiplications, and (3) 
y dividing the sum of the products by the total number of particles in all 

the fractions. This is expressed by where Z expresses summation, n 
is the number of particles with diameter d, and d varies from zero to the max¬ 
imum particle size in the entire sample. But n « where A: is a constant 
and w is the total w'eight of all the particles of the size d. Therefore average 

particle size is given by 


-or - —• 

2 fete 


While this gives a true expression 


of average particle size, it is time consuming and places entirely too much 
emphasis on the finer sizes, thus lessening its practical value. 

A second method, which at first glance seems the most natural procedure, 
is similar to the preceding except that it uses weights instead of actual number 

of particles and is expressed by A simple calcularion will show that 

this method gives a different result from the preceding so that its use is not 
recommended. It has the same fault as the cumulative direct plot of screen 
analyses mentioned previously in that it ^ves undue wdght to the coarser sizes. 
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The calculation of the relative surface per unit weight, outlined in Chapter 
VII, indicates a third method of obtaining an average particle wh ch 
may be appUed in problems concerned with surface area as in 
Ashing efficiency or in studying flotaUcn reagent consumption. The b^is 
of this method is that the weight m of a particle is proportional to ite volume, 
and hence its weight divided by its diameter d gives its relative surface area, 

or its weight w divided by relative surface ^ gives its diameter. The particle 

sise to which the surface area of the entire sample is equivalent is thus the 
sum of the weights of the siae fractions divided by the sum of weight over 

diameter for each fraction or 


Sir 


u 

The so-called "mean mesh si«'' has been used for calculation of reduction 
ratios and relative surfaces in crushing, studying classifier problems, and 
similar general purposes. In calculating this mean, each screen size in the 
standard sieve scale is given equal importance. The method has been described 
by W. H. Coghill in the Eji^ntering and Mining Journal, voL 126, page 934, 
1928, and is illustrated in Table 98. It is based on a sieve scale with a con¬ 
stant geometrical ratio such as the Tyler standard, shown in the first column 
of the table- Since there is a constant geometrical ratio of diameter of aperture 
of one sieve to the next, we nsay picture the siaes or mean meshes of a series of 
sieves as represent^ by ordinal numbers starting with 1 for the oversize of 
the coarsest sieve and ranging up to the highest number for the undersize 
of the finest sieve. The mean mesh M of each product is shown in the third 
column of the table. Another way of looking at it is that on a logarithmic 
scale the position of the coarsest mean mesh would be a distance 1 from the 0 
point, the next coarsest would be twice as far or a d stance 2 and so on. If then 
the distance or mean mesh M of each sieve be multiplied by the weight per 


'tABhZ 98.—tfEAN UE8H AND U£AN BORFACB 


Ty]«r 8CT«»ft*. 
lneb«a 
or MMb. 

Wtl^t 

P«r C*nt. 

W 

M««a 

M«b. 

M 

SurfM* 

s 

1 

Mwb. 

W X M 

SurfAM. 

IF X S 

l.M 

2,3 

1 

1 

3.2 

2,2 

o.u 

6,0 

3 

1.41 

10 0 

7.1 

0.»2 

6.3 

3 

3 

16.0 

13.6 

0.37 

0.3 

4 

3.03 

33.3 

33.4 

a 

13.0 

6 

4 

65.0 

62.0 

4 

16.1 

6 

6,64 

96.6 

90.0 

6 


7 

0 

79.x 

90.4 

S 


0 

11,26 

107.2 

161.2 

JO 


0 

16 

06 7 

ne.o 

J4 


10 

32 66 

33.0 

74.4 

20 


11 

32 

19 8 

67.6 

2S 


13 

45.18 

16.6 

60.7 

36 

0.0 

13 

64 

11.7 

67.0 

41 

0.7 

14 

00.24 

9.0 

63.2 

06 

0.4 

16 

I2S 

0.0 

61.2 

-06 

8.7 

16 

180.40 

139.2 

1670,3 


iSO 



713.0 

2479.4 


cent IF* on that sieve, as ^ven in the second column, the product shown in the 
fifth column represents the total mean mesh value for that size. The sum of 
these products or 713.0 divided by the total weight per cent or 100.0 gives the 
average mean mesh of 7.13. Interpolating this between the O-mesh Tyler 
screen of 3.33 millimeters and the 8-mesb of 2.36 millimeters ^ves the average 
diameter of all particles in the sample as 3.202 millimeters. This mean-mesh 



















476 


TEXTBOOK OP ORE DRESSING 

method of averaging may be termed analogous to a logarithmic siae-distri- 
bution plot. 

The specific surface or surface per unit weight of particles increases in 
inverse ratio as the diameter decreases, and the fourth column of the table 
gives the relative mean surface 8 for each sieve product, the ratio 1.41 being 
fbe ^tio of diameters of apertures for these Tyler standaid screens. It is thus 
possible ^ calculate also the relative average mean surface of the material by 
multipl^ng the mean surface S of each sise by the weight per cent 1^“ to get 
shown in the last column of the table. The sum of these products 
2479.4 divided by 100.0 gives 24.70 as the relative mean surface. In other 
words the total surface of the material will be equivalent to that of an equal 
weight of materiel in which each particle has a mean surface slightly more than 
the figure of 22.56 shown in the table for the 14-mesh sise. It should be 
mentioned that Coghill is merely considering grinding to 65 mesh without any 
regard to the sise distribution below 65 mesh and therefore, while the figures 
on the — 65-me8h line in the table are arbitrary, this does not affect bis calcu¬ 
lation of useful grinding. 

Asbay-sisb ANALYsts.^—If each sise fraction from a screen analysis of 
an ore or a mi^ product is assayed, the assay data and the siring data may be 
used to calculate the size distribution of each ore constituent assayed for. 
Frequently this information is of somewhat more wactical intere.st than the 
composite size distribution of the ore as a whole. Table 19, in Chapter VII, 
is an example of such an application. Appl 3 dDg this procedure to the feed and 
products of a concentration operation, the recoveries, losses, grades, and general 
metallurgical performance at each particle size may be evaluated and inter- 

S ^rcted separately. This type of analysis is very useful in studying the per- 
ormance of almost any type of concentrating device. 

Hbavy-liquid Tests. —Instead of running through a chemical analysis 
on each size fraction, float and sink separations in Uquids of high specific 
gravity may be used to separate the mineral constituents in each fraction. 
Hea\'y-liquid tests on fines are unsatisfactory and are most successful for 
screen sizes above 100 or 200 mesh and hence find their greatest application in 
connection with testing gravity-concentration products. If several minerals 
of differing specific gravities are present, a corresponding number of heavy 
liquids of Afferent densities may m used to segregate several specific-gravity 
ranges in each size fraction. 

The material to be tested is stirred or shaken with the heavy liquid and 
then set aside to stand until complete separation of float and sink takes place. 
The sink is drawn off the bottom, and the float is removed from the top of 
the liquid in the separating container. Both products are washed with 
appropriate solvents to remove adhering liquid and then dried. A separatory 
funnel is a convenient apparatus for malung the separation. Messmore recom¬ 
mends the following hea^‘y liquids for use on ores: 


1l4nc« 

Sp*«iS« 

Qrmv^cy. 

Uquid. 

-1 

Diluliocor I 

Wasbinc AB*nt. 

Recoverj o( Haavy Liquid. 

1 

1.6 to 2 66 

Acetylcn* tetnbroBudo 
Tbftllouo formoto 

Cblov^orn or beoiocw 

Braporatioo or fracUouJ dietiUation 

2.66 tod 6 , 

Water 

BrapoTation oa atoam balb 

8.6 to4.6 

TbiUouo moJoMt^orBot* 

Waur 

Bvaporatioa oa atoam bath 


Visual ExAUiNATiorrs.—Frequently much useful information about 
the nature of an ore may be acquired through simple observations during the 
course of crushing, sizing, and other routine work. This is particularly true 
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for coarse materials and lump ore. No opportunity if®*.PA" 

information in tliia way» from the time the sample is first taken out o 
s&ck through all operations to the end of the testing. . 

The Use of the Microscope.— The microscope has become an invaluable 
tool in the flotation field and is now used exten«vely in daily routine ol 
mill products as well as in flotation research and ore investigations. Several 
tvoes of instruments are used, the metallurgical, binocular, petro^aphic, 
and Ultropak microscopes, each having a particular field of use 
work. The metallurgical microscope has the widest ran^ of utility m DOtn 
routine and special work with metallic ores and products. A binocular 
microscope is useful for examination of unmounted grains or unpolished rough 
specimens. The petrographic microscope is used 

minerals, which are in general the nonmetaUic minei^. The Ultropak 
microscope is a dark-field illumination microscope which has been louna oi 
special value for certain classes of flotation research. 

A number of texts and papers have been published dealing wth micrCK 
scopic mineralogy, mineragraphy, petrography, and related subjects, and 
these should be consulted for more complete descriptions of microscopic 
technique in examining minerals and mineral products than is presented in 

this text- ... • 

Polished Sbctioks. —Polished sections of hand specimens, examined 
with reflected light under the metallu^cal microscope, yield information of 
value as to ore structure, texture, dissemination, and mineraJogical constitution. 
Accordingly, polished-section studies are applicable to prelimina^ exami¬ 
nations of an ore. When all the minerals in the ore have not yet been identified, 
examination of polished sections and microscopic identification of the minerals 
therein is usually easier than later identification of fine particles in powder 
form or in briquette form. . 

The technique of preparing polished sections is in most respects similar 
to that used in physical metallurpcal laboratories for preparation of metallic 
sections, and the reader may refer to a good metallography text for general 
discussion of polishing technique. Polishing is done in stages, starting with 
a coarse abrasive on a metal lap or with an emery wheel, to obtain a flat 
surface. This step may be followed consecutively by a finer abrasive on a 
second metal lap and successively finer abrasives on cloth laps until the desired 
polish is obtain^, Carborundum abrasives are commonly used for the 
rougher grin^ng and polishing steps, and le\igated alumina, rouge, and 
magnesia are common for the final polishing stages. 

In examining polished mineral sections with a metallurgical microscope, 
the minerals may be identified by color, microtests of hardness, etch and stain 
reactions, effect on polansed light, crystallographic form, polishing character¬ 
istics, and other properties. Color alone is sumcient to distinguish a number 
of the common minerals from each other. However, it should be noted that 
the color of a given mineral in polished sections under the microscope is 
not the same as its color in the form of a hand specimen. Two minerals of 
the same color may often be distinguished by using some reagent which will 
selectively stain one of the minerals. Several workers have published deter¬ 
minative tables for microscopic identification of minerals which may be 
referred to for identification of unknowns. 

Briquettes. —Pine-grinding and flotation products are best examined in 
briquette form. A series of briquettes is made for each sample to be studied, 
each briquette contaiiimg one sise fraction of the material, obtmned either 
by elutriation or by screening. These briquettes are made by mixing the ore 
sample with bakelite in proper proporUons, placing the mixture in a heated 
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mold, and curing under a pressure of one ton or more per square inch. The 
briquettes are polished in practically the same way as polished sections of 
hand specimens. 

Quantitative Minsralooigal Analysis of BRiquEiTEo Products.^ 
Each briquette surface contains many polished sections of individual particles 
as they occur in the sample under investigation, and for any given briquette 
the particles are of uniform sise. Hence by thoroughly examining a repre¬ 
sentative number of particles, a good idea may be of the different types 
of particles present, their relarive amounts, and the liberation of the various 
minerals from each other. These factors may be quantitatively evaluated 
by making counts of the various particles and mineral species present. Quan¬ 
titative determinations of Uberation of minerals from each other at different 
sises, with specific information as to the types and amounts of locked particles 
present, are of great value in developing the most efficient fine-grinding and 
flotation flow sheet for difficult ores. This field probably represents the most 
important use of the microscope in ore-dressing problems. 

Other Application8 op the Microscope. —The microscope is also 
useful as a tool for measuring particle sixes to check other sizing methods 
and for measuring sizes of inclusions. Quantitative mineralogies anal 3 ^e 8 
of unmounted particle-size fractions may be made quickly with the binocular 
microscope under favorable conditions, although the technique is limited to 
coarser grains than the corresponding technique for briquetted materials and 
docs not pve so good a measure of the degree of liberation. Microscopic 
technique is claying an increasingly important part in research into the nature 
of various notation phenomena, particularly such colloidal phenomena as 
flocculation, dispersion, and slime coating. 

Process Testiko 

Proper aoplication of ore-examination methods coupled with previous 
experience of the technician usually gives good indications as to the process 
which should be adopted for a pven ore or, in operating mills, gives good 
indications as to changes which should be made in the process to obtain 
improved results. However, do matter how completely such examinations 
are carried out, the actual test of the process itself on a laboratory scale is 
necessary. This, of course, requires la^ratory equipment similar in every 
way but size to actual mill equipment. Ordinarily batch machines are used 
in the laboratory, but, when accurate data are required for the purposes of 
plant desim after a flow sheet has been chosen, a continuous small-scale pilot 
mill maybe set up in the laboratory and operated for a prolonged period, 
or even a pilot mill using full-size machines may be built. A few of the most 
common laboratory-testing processes are taken up briefly in the following. 

Hand Picking. —Hand picking in testing work may in general be carried 
out with either of two ideas in mind: either to find its possibilities as an actual 
commercial process, or as a laboratory method for separating or segregating 
minerals from each other for separate examination or assaying. The oi>eration 
may be carried down as fine as about 1 millimeter if a magnifying glass is used 
and will serve to give a good idea of wbat may be expect^ from ^avity con¬ 
centration provided the minerals are sufficiently different in specific gravity 
to be amenable to ji^ng and tabling. Hand picking is best performed on 
the fractions from a sizing test. Under average conditions all particles having 
50 per cent or more of the valuable mineral are put in the concentrate, all 
particles having less than 50 per cent and more than 5 per cent into the mia- 
dling, and those having less than 5 per cent into the tailing. From the weights 
and assa}^ of the three products it is possible to calculate fairly closely what 
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will be the extraction, ratio of concentration, and grade of concentrates to be 

S“TiV on. in Fi*. 231, .n, oniUbl. fol.r.u.h 
work in jig testing. The device shown is suspended from a heucal spring by 
the ring in the top and jigged up and down by hand 
in a tank of water- These may be made in vanoua 
sises and even as small as 2 inches in diameter con¬ 
structed from a glass tube, as shown in Fig- 
The products are re moved by skimming. For h igher 
qualTty work small mechanical laboratory jigs of 
design similar to mill jigs of the Han type are used. 

HAtfD VANmNO AND Pankino. —For particles 
too fine for band picking, generally below 1 rnilli- 
meter, but abo even for coarser matenai, various 
vanning and panning devices are used. These may 
serve for hand concentration; for testing products 
of jigs, tables, and flotation machines; and for ore 
testing to obtain products to be weighed and assayed, 
the results being calculated in the »me way as 
previously described under hand picking. 

THE CORNISH VANNING SHOVEL (see Fig. 232) is 
used to separate the heavy and light minerals in 

products from 3 or 4 mjllimeters in diameter down jiffor ustinff. 

to slime, but it is most satisfactory for products 

finer than 1 millimeter. It serves to ascerUin whether crude ore is susceptible 
of concentration, whether concentrate contains waste sand, and whether waste 
sand contains valuable mineral. In using the shovel a small quantity of pulp 
IS placed on the blade with ample water, and the shovel is given a honsontal 
circular motion, by which the heavy grains are settled. The lighter portion of 




the waste is then washed off by flowing the water across the surface. The 
circular motion and the flowiM are repeated often enough to remove a large 
part of the fight waste sand. Then, with less water than before, the concen¬ 
trate IB brought forward to form a head, by gjving a few tosses to the shovel, 
uring a peculiar jerking morion; and the water is flowed over this head by 
another peculiar morion of the shovel. This tossing and flowing are repeated a 
number of times to get a thoroughly clean bead. 

The vanning shovel is the most saibfactory tool which has thus far been pro¬ 
duced for quickly testing the products of vanners, tables, and jip. It enables 
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the ore dresser to tell in n minute whether or not hU machines are working 
properly. 

THE VANNING PLAQUE U of about the saoie siae and concavity as the van¬ 
ning shovel but has no handle. It is made of sheet iron but has a white 
enameled surface which permits colored minerals to be readily seen, ^me- 
times an ordinary watch glass is used as a vanning plaque on flotation 
froth. 

THE oold-hiner’s PAN is used where a few very heavy grains as of gold 
are to be looked for in a mass of gravel. The pan (see Fig. 233) is nearly filled 
wth pavel which is thoroughly softened with water; then the pan is shaken 
sidewise and in a circular manner to give heavy particles an opportunity to 
settle; water is flowed across the top, removing the top layer of waste. The 
shaking and flowing are repeated until the contents of the pan are reduced to 
a very small quantity; then the gold may be brought out either by tossing it 
out as on a vanning shovel or by running the water carefully around the groove 
between the bottom and the side of the pan; a head will form and the gold 
“colors'* show. This device may also be used for testing ores and products. 



Flo. 233.^0old-mi(i«r*8 pan. Fig. 234.—Bataa. 


THE BATE A (see Fig. 234) is worked in the same w*ay as the pan, but the 
gold or concentrate collects at the center point which is the apex of the cone. 
Some persons prefer the pan, others the batea, for this work. 

THE HORN SPOON has fcuod Special favor in looking for mercury in the 
pulp from amalgamated plates or pans; but it is too small for general ore-mess¬ 
ing work. 

WitPLET Table fob Tbsttno. —Fibres 235o and 235l> show in elevation 
and plan the small Wilfley table as used in the laboratory of the Massachusetts 
Institute of Technolop^. The table top is trapesoidal in form and the diagonal 
line of the rifRe tips is brought to the concentrates side about 8 inches above 
the corner instead of being brought directly to the comer. This renders it 
much easier to divide betw*een concentrate and middling. The trapezoidal 
shape of the table does away with the use of a spray pipe at the concentrate 
side. The table has a capacity of from 50 to 100 pounds of ore per hour, depend¬ 
ing upon the size of the material fed. The work done by the table is extremely 
satisfactory. The table is equipped with the standard Wilfiey table mecha¬ 
nism. The other details of the table should be sufficiently clear from the cuts. 

Canvas Table and Glass Table. —A canvas table 10 feet long, 4 feet 
wide, with adjustable slope, is very satisfactory for testing. It should have 
a good distributor at the head end and a tilting tail at the lower end for shuntii^ 
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the twling into one launder and the concentrate into another. The grade of 
canvas which gives the best results will have to be found by trial for each ore ; 
but for pulp with 0.5-inillimeter and finer grains, No. 6 duck will usually be 
satisfactory. The canvas holds the concentrate better when the woof (cross 
threads) is laid down the slope than when it is laid across the slope; and it is 
best if possible, to have it wide enough so that a single width covers the whole 
table. A table with plate-glass surface about 1 foot wide and 5 feet long with 
adjustable slope serves for film-sizing tests. 



Fto. 2356.~Pli>n. 


The Haultain Superp.\nner. —The superpanner is an ingenious mechanical 
panning or tabling device recently developed for testing by making precise 
gravity separation of small batches of very fine material, either original ore or 
concentration products. It performs efficiently on closely sized fractions as 
coarse as 65 mesh and as fine as 14 microns, ^mples of from 10 to 15 grams 
are usually used, although larger or smaller samples may be handled satis¬ 
factorily. The apparatus is very sensitive and has a wide range of adjust¬ 
ments. When used in conjunction with the infrasizer, also developed by 
Prof. Haultain, the separations are clean enough that the apparatus may he 
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used as an assaying device on fractions above 14 microns. The superpanner, 
therefore, has been particularly useful in determining the occurrence of gold 
in difficult ores and tailings. Details of the construction and operation of the 
superpanner are given in an article by Prof. H. E. Haul tain, ** Splitting the 
Minus 200 Mesh with the Superpanner and Infraaiser,’* in the Tramaciions 
of the Canadian InstituU of Mining and Metallurgy, vol. 40, pages 229-240, 
1937 (duplicate of article in the May, 1937, ButUiin of the same society). 

Classifixrs. —For testing purposes the author uses a 12-spigot closed- 
spigot classifier similar to one shown in Figs. 236a, 2366, and 236c. This 
classifier as shown is a free-settling classifier. By placing suitable constric¬ 
tions in the sorting columns above the inlet of the hydraulic water, the classifier 
is made to deliver products with hindercd-scttling ratios. The 12-spigot 
classifier working with closed spigot.uses a small amount of water, is easily 



regulated, and responds promptly to regulation. The rising currents may be 
calculated and the classifier calibrated so as to deliver a series of closely graded 
products ranging from coarse in the first spigot to fine in the last. Products 
obtained in this way are extremely well suited for treatment on the Wilfley 
table. 

In making a series of classified products, it is well to have a fixed ratio 
between the successive sorting currents. The ratio of the Rittinger sieve 
scale (1.414) will be convenient in some cases. 

A small glass tubular classifier or spitslutte may be used for small-scale 
work, such as the free-settling type shown in Fig. 84 or the hindered-settling 
type shown in Fig. 88, in Chapter X. 

Mechanical cl^sifiere have not been adapted to small-scale batch testii^, 
although small models of rake- or spiral-type mechanical classifiers are used in 
closed circuit with grinding mills in continuous pilot-plant arrangements ia the 
laboratory. It is generally satisfactory in small batch work to use sieves for 
limiting the size of bateb^mding products, or under some conditions to use 
s^imentation and decantation in buckets or other appropriate vesseb. Simi- 
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lar considerations also apply to laboratory testing of tbe effect of desliming and 
to laboratory testing of fine sizing by hydroseparation. 

Maonbtic Separators.— For general testing purposes there is needea a 
small electromagnet designed for use as either a high- or low-power magnet. 
For large-sized tests a two-pole Wetherill 
magnetic separator is, without doubt, the 
best machine. It may be used as either 
a high-or low-power machine, the rheostat 
affording extremely close adjustment. 

TeHing Magnet .—Figure 237 un 

shows a form of testing magnet which can 

b e recommended for small and preli m i nary ^ 3 ^ __r 

tests. This magnet has two cores of soft { »« ui' ' 

iron joined at the top by a yoke of soft 

iron; the pole shoes, with faces 1 by ^ IM 

inch, are screwed to the bottom of the -_ IJ! H 

cores, leaving an air gap { inch long be- I | i | 

tween the north and south poles. The I | 11 

magnet is suspended by a screw eye from 1 I j 

a spring. Each core is wound with 5000 

feet of cotton-covered No. 21 copper wire r 

making 6760 coils. The turns are held in =aa=^^^ OS | I I I 

E lace at the top and at the bottom hy^ I I 

rass rings and are protccted^y layers of * 

and tarred marline 


paper and tarred marline. The winding J f 

15 such that a current of 0.8 ampere at a 1 ^ . - L 

pressure of 60 volts givea the maximum of j—ax- 

magnetic lines the core can carry without .i«trQm.gD«t. 

undue heating, When making a test, the material is spread out upon a 
piece of glass or glazed paper and the magnet brought over it. The magnetic 
particles which have been attracted to the poles are removed by bolding the 
magnet over a sheet of paper and switching off the current. 



WetheriU jSeporofor,—Figures 23So and 2385 show a small Wetherill sepa¬ 
rator as used in the mining laboratory of the Massachusetts Institute of Tech¬ 
nology. As this is similar to the standard machine, shown in Fig. 173, W’e 
need not enter into a complete description of the machine- Each of the 














Fio. 239.~Davis loasneUc tube teeter. 

ahlc. Water is introduced into tbe upper end of the tube through a hose 
.supplied \nth a regulating valve and is discharged through a hose at the 
bottom which has an adjtistabie regulating clip. With the tube full of water, 
finely ground ore is introduced by removal of the stopper at tbe upper end. 
Magnetite settles to the Ics'el of the magnet poles, where it is held by tbe 
magnetic field. By the combination of dowitward flow of water and reciproca¬ 
tion of the tube continued for about 10 minutes, the magnetite is washed clean 
of nonmagnetic material which descends to the bottom of the tube and is 
discharged. Then the current is shut off and the clean magnetite is washed 
down and dischat^d. 

Roasting for Magnetic Separation. —Testing for the various modifica¬ 
tions of Roasting and Calcining for Magne^m, described in Chapter XIV, 
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may be conducted on a smaU scale. On<bwng roasts on 
the quick or flash type. The ore is spread in a thin layer m a shallow ifon P^n 
or Olay roasting dish and heated, with constant stirring, over the 'n a 
blacksmith's fo^e or in the muffle of a fire assay furnace. _ The should 

be cooled quickly or quenched to prevent oxidation continuing to the torm oi 
ferric oxide. Reducing roasting of hematite or sidentc is best c^ned on in an 
electric-tube muffle furnace in an atmosphere of reducing gas. Finely grouna 
charcoal or some other form of carbon may or may not be mixed with the ore. 
It is especially important that the cooling of the product take place in an 
oxygen-free atmosphere, and this is accomplished by continuing the reducing 
atmosphere until the furnace is cold, or a quicker method is to discharge the 
hot product into water through an appropriate seal to exclude atmosphenc air. 

Amalgamation. —An amalgamation test for gold may be made in a gold¬ 
miner’s pan by mixing the crushed ore with water, adding a few grama of 
mercury, and thoroughly agitating for a considerable time. The addition of a 
minute quantity of sodium to the mercury will make it still more active in 
catching the gold. After the mercury has caught all the gold it wll, it is sepa¬ 
rated by washing off the sand, and it is then dried and distilled; the impure goul 
so obtained can ^ purified by cupeling and parting according to the usual 
assay methods. Where the amalgam is clean and small in amount, it is more 
economical to treat it with nitric acid, which dissolves everything but the gold, 
and thereby reduce the number of operations to one; this is not applicable 
when silver and gold are both to be determined. 

In general, gold ores should be ground to at least 40-mosh or about 0.3- 
millimcter size for amalgamation tests. 

Glass fruit jars and bottles, ranging in capacity from 1 pint up to 2 gallons, 
are also very good for amalgamation tests. Bottles may be rotated by placing 
them on two parallel horizontal revolving rollers. Fruit jars are sealed tight 
and mounted securely on the face of a vertical revolving wheel or circular disk, 
so that at every revolution the jar is turned end for end. The technique of 
preparing the pulp is similar to that for Barrel Amalgamation. 

Barrel Amalgamalion TeH .—The cleanup barrel, described in Chapter XV 
and shown in Fig. 40, can handle up to 100 pounds or more according to its 
sise. The balls tend to brighten the gold and make it more amenable to 
amalgamation. A good proportion is 3 parts of water to 1 part of ground ore 
by weight, and mercury added in an amount equal to 5 per cent of the weight 
of the ore. The charge is treated from J to 3 hours. The pulp is then drawn 
off; the amalgam panned off, cleaned, dried, and retorted; the retort residue 
t^corified and cupeled; and the final bead weighed. The bead invariably 
carries silver with the gold and must therefore be assayed to determine its 
exact gold content. 

The cleanup pan, shown in Fig. 41, may also be used in a similar way for 
amalgamation tests. 

Stamp-mill TeU .—A battery of two stamps, weighing 400 pounds each, 
has proved very satisfactory at the Massachusetts Institute of Technology 
for making small mill tests on 500 to 2000 pounc^ of gold ore. The stamps 
brighten the gold, and the pulp, which is dischar^d through the stamp screen 
of about 40 mesh, fiows over an amalgamated copper plate, 6 feet long and 
2 feet wide, which has been prepared with bright clean silver amalgam. After 
the test the plate is washed off clean by water and scraped carefully to remove 
the amalgam. To prepare the silver amalgam, silver crystals are precipitated 
on a strip of metallic copper from an acid-free solution of silver nitrate. This 
fine precipitated silver, from which the copper solution has b^n removed by 
washing with water, readily unites with mercury when the two ingredients are 
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rubbed together by a pestle ia a Wcdgowood mortar. About 150 grams of 
silver are used for a plate 6 feet long and 2 feet wide. Since the amalgam 
reco\'ered from the plate is very high in silver, the retort residue is melted 
down with fluxes, poured into an ingot, and parted with nitric acid, and the 
pure gold residue is cupeled into a bead. The silver nitrate solution is evapo¬ 
rated to dryness to remove free acid, it is taken up with water, and the silver 
is precipitated on copper to get silver crystals to be u-sed over again in the next 
stamp-mill test. 

The pulp leaving the plate may pass through a mercury trap and go to a 
7-foot laboratory Wilfley table or a vanner with belt 4 feet wide for concen¬ 
tration, or it may go to a continuous laboratory flotation machine, or it may 
be used for cyanide tests. Any amalgam caught in the trap is treated for the 
recovery of the gold in much the same way as in Barrel Amalgamation. 

Mercury is usually fed to the stamp mortar in about the same ratio to 
ore as in regular gold stamp-mill operation. The test is not complete until 
the residue left in the mortar at the end of the stamping is completely cleaned 
out and submitted to the following treatment steps: (1) panning for amalgam, 
(2) drying, (3) grinding to 30 or 40 mesh, (4) amalgamating in cleanup barrel 
with more mercury, as described previously, (5) panning for amalgam, and (6) 
recovering of any concentrates present by hand panning or by running over a 
small laboratory Wilfley table. The two amalgams from steps ( 1 ) and (5) 
are treated in the same way as already described under Barrel Amalgamation. 

Flotation Testing. —Testing ores by flotation affonls wide range for 
exercise of personal judgment and application of previous experience because 
of the many variable factors which affect the results. When a new ore is to 
be tested by flotation, it is usually advantageous to start the laboratory work 
with tests under conditions which have given good results on previously tested 
ores as similar as pos.«ible to the one under investigation. Using this as a 
starting point, several scries of tests are made, varying in each series only one 
factor at a time until the best conditions are found. If this procedure fmls to 
give the desired results, then the technician resorts to cut-and-try tests, getting 
as much guidance in these as possible from his theoretical knowledge of flota¬ 
tion and flotation reagents. 

Preparation of Sample for Flotation .—Until a favorable process has been 
fairly well established, the flotation tests consist of individual batch tests. 
Batches of 500, 1000, or 2000 grams are commonly used, depending on the 
capacity of laboratory equipment and on personal preference. Larger samples 
are necessary for low-grade spotty ores than for higher grade, more uniform 
ores. Preparation of the samples for flotation involves chiefly dry crushing 
followed by wet grinding to the desired fineness. Dry crushing to 10 or 14 
mesh is convenient for feed to the usual laboratory grinding equipment. The 
individual batches are weighed out from the 10- or 14-mesh crushed ore and 
treated individually in grinding and all subsequent operations. 

Porcelain grinding mills vs-ith charges of flint or porcelain pebbles, or 
sometimes small steel balls, are widely used for a wet grinding prior to flotation 
tests. These are available in various sizes appropriate to the batch weights 
used in flotation tests. Small steel ball or mills are also used to some 
extent, but for some purposes excessive iron contamination may result, 
especially if the mill is allowed to stand and rust between tests. Even under 
good conditions the iron contamination occurring when small steel mills are 
used is somewhat greater than in operating mills, as the small mills expose 
a much greater surface of metal for the amount of ore handled. From 1 to 12 
jar mills may be mounted in one stand and these may be cither belt driven or 
motor driven. Figure 240 shows a stand of the Abbd Engineering Company 



ORE EX A,Xf/NATION AND TESTING 

with two mills, driven by electric motor through reducing gear and sprocket 

is added to the grinding mill to give a pulp of the projwr consistency 
for grinding. Occasionally, as mentioned in the followng section, certain ot 
the flotation reagents may be added in the grinding mill. The fineness of 
grinding is determined by the time of grinding, a.'^summg other factors con.stant, 
such as pulp den.«ity, rate of rotation of the mill, sise of the pebble or ball 
charge, size of sample, and nature of the ore. Ordinarily, with proper ^tion- 
iag of these factors and proper choice of mill size, 10 to 20 mimitcs is sufhcieiit 
for reducing 10- or 14-mosh material to flotation size. However, experi¬ 
mentation is usually necessary to determine the optimum amount of grinding 
for any given ore. When grinding is completed, the chaise is removed from 
the mill, (he ore is separauS from the pebbles or balls by washing on a coarse 
screen, and the ore is then ready for the first step of flotation treatment. 



Fic:. Jar mills of I ho AbM P^Acinoerinf Com pony. 


The conditions of continuous closed-circuit grinding are not readily repro¬ 
ducible when the ordinary laboratory batch-grinding apparatus is used. If 
the small batch mills arc used, reduction of (he sample to pass a certain size 
screen naturally involves more overgrinding of the fines than the coutinuou.s 
operation of closed-eireuit grinding in which finishe<l product is removed 
continuously, When this factor must be taken into account, the simple 
batch-grinding technique may be replaced by a technique involving alternate 
short grinding periods and screening or classification to remove finislied mate¬ 
rial. FVesb ore is added to (he mill after each sizing operation to replace the 
fin© ore removed from the charge. 

Addition of Reagents .—The place of addition, the time of treatment with 
the reagents, the order of addition of the various reagents, tlie form in which 
they are added, and the quantities added, all have direct influence on the 
results. Thus the particular requirements of each reagent used must be 
fully considered in planning the testing procedure. The very small quantities 
used in laboratory tests make it de^rable wherever possible to use them in the 
form of rather dilute solutions, so that the quantities used may be measured 
accurately with pipettes or graduates. The addition of oils or solid reagents 
directly to the flotation machine should be avoided, botli because of the 
probable inaccuracy involved and because of the possibility of incomplete 
solution and of losses of reagent sticking to the sides of the machine. 

When convenient, modifying agents of various types are added to the 
grinding mill. pH and pulp-control reagents, such as lime and soda ash. 
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are very commonly handled in that way. Slower acting or water-insoluble 
collectors may give better results when added in grinding. Soluble collectors 
of the xanthate type may also be Introduced in grinding, but more commonly 
they are added to the pulp in the flotation machine, and a short period of 
aptation without frothing is provided for their reactions with the minerals in 
the pulp. Frothing agents are almost invariably added to the flotation 
machine just before commencing the actual flotation. 

It is sometimes of advantage to add the collector and frother in stages, 
removing froth between additions, and observing the effects of each additional 
amount of reagent. When this is done, each froth fraction may be removed 
as a separate product for separate weighing and analysb if desired. 

pH MeasuremerU .—The pH of the flotation pulp is in most operations of 
direct interest in connection with the addition of reagents. Small pulp samples 
from the flotation machine are clarified by settling or filtering and tested by 
one of a number of standard methods of pH determination. These methods 
fall into two classes: (1) the colorimetric methods and (2) the electrometric 
methods. 

The colorimetric methods have been more common for ore testing and 
make use of the fact that the colors of the water solutions of certain organic 
compounds known as ^^indicators’’ depend on the pH. A small amount of 
the indicator is added to the solution of unknown pH. The resulting colored 
solution is matched against a series of color standard, each standard corre¬ 
sponding to a certain pH value. A number of indicators and sets of standards 
are required to cover the whole pH range, as the color change for each indicator 
takes place over a range of aMut 1.6 pH units. Among the indicators sup¬ 
plied by the LaMotte Chemical Products Company, those in common use 
and their pH ranges are as follows: bromcresol green,3.S to 5.4; chlorphenol red, 

5.2 to 6.8; bromlhymol blue, 6.0 to 7.6; phenol red, 6.8 to 8.4; cresol red, 

7.2 to 8.8; thymol blue, 8.0 to 9.6 and also 1.2 to 2.8; LaMotte purple, 9.6 to 
11.2; LaMotte sulfo orange, 11.0 to 12.6; LaMotte violet, 12.0 to 13.6. There 
is also a range-finding indicator for use from 3.0 to 11.0. 

The eicctromotric method is based on the principle that the electromotive 
force of certain electrodes in a water solution varies with the pH of the solu¬ 
tion. The solution of unknown pH is placed in the cell in contact with the pH 
electrode, and the voltage is measured accurately by a potentiometer, gal¬ 
vanometer, and standard-cell arrangement. The complete apparatus, cali¬ 
brated in pH units, is available in portable and convenient form for use in the 
laboratory or around the plant. 

FlotcUion: Machines and Procedure .—AU the common types of plant flota¬ 
tion machines are available in small laboratory batch models suitable for 
testing batches of 500, 1000, or 2000 g^ms of ore. Even machines holding 
only 50 grams have b^n used for special research work. As in actual mill 
operation, practically equivalent results are usually obtainable in all types 
when properly operated. However, for general convenience in use, many 
operators prefer agitation machines of the subaeration type with an air control. 
These have the advantage of being susceptible to operation as agitators or 
conditioners by shutting off the air inlet. Ease of cleaning is essential in 
laboratory machines, as they must be thoroughly cleaned between tests. 
Retention of small quantities of reagents in nooks or crevices is likely to cause 
serious discrepancies and completely nullify results of a series of tests. A 
Fagergren subaeration batch-testing machine is shown in Fig. 240a. The 
agitator and standpipe assembly may be lifted out of the glass bowl by means 
of the crank| and the glass bowl can then be removed for cleaning. A stainless- 
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$teel bowl with sloping sides (not shown), which may be substituted for the 
class bowl, is better for coarser and heavier pulps. 

^ Pulp from the grinding mill is washed into the flotation machine with 
water and usually conditioned for one or more periods of 5 to 10 minutes wiih 
the air turned off (if a subaerafion machine), depending upon the reagent 
additions. The frothing agent is added at or near the end of the final condi¬ 
tioning period before flotation. Then water is added to bring the pulp level 
to the desired point in the machine, the air is turned on, and the froth is removed 
for a definite period or for several successive periods as desired. Froth is 
raked off by hand or allowed to flow into a suitable pan or collecting con¬ 
tainer. The whole process may be repeated with additional reagents without 
removing the pulp from the machine if several products are to be made, as in 
a differential flotation test. The final tailings pulp remaining in tlio machine 
at the end of the operation is discharged into a suitable container, taking 



Flo. 240a.— Fagarfr«D ■ub4«r6tion Uboratpry aptatioa mftchina. (Courte$y of 

Cyamifnirf Company.) 

care to wash the pulp out thoroughly with clean water. The products are thou 
dewatered by settling and decantation or by filtering and dried by heat, after 
which they are ready for weighing, chemical analysis, and microscopic or other 
type of examination. Since the concentrates are generally small in amount 
compared to the tailings, a sizing test of the dried tailings will give a very 
close index of the fineness of the feed. 

Observations of froth characteristics, appearance of the pulp, and of the 
visual effects of reagent additions during the various steps of a flotation test are 
usually of great value in later interpretation of results and in planning further 
tests; hence, ample notes covering them should be taken during the test. The 
notes should also include complete description of the procedure used and 
specifications of the kinds, amounts, and places of addition of all reagents 
used; the time of grinding, water added in grinding, pebble charge; times of con¬ 
ditioning; times of froth removal; and all other pertinent factor?. In other 
words, it should be possible from the data kept to repeat the test exactly in 
every detail, or, in a series of tests, to vary only one factor and be certain that 
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the variation in results from test to test is due only to variation in the one 
factor. Detuls of manipulation and procedure which may seem insignificant 
at one time frequently later come out as primary determinative factors in their 
effects on the results. 

Water Supply .—Impurities in the water used in flotation teats may influence 
the results materially and usually affect the quantities of reagents required. 
Hence, if a supply is available, distilled water is preferable for general work. 
On the other hand, if water from the mill site of the ore tested is available, 
it may be advantageous to use it in all tests, or at least in a few comparative 
tests, to determine its effect on flotation. 

Pilot’plant Testing .—Individual batch tests bring out very well the general 
flotation properties of an ore but give only very approxiraate information 
as to expected operating mill performance in continuous operation. As 
brought out in Chapter XIII, mill flotation processes are more or less complex, 
involving treatment in stages or steps and one or more retreatments of inter¬ 
mediate products. Steps of concentrate cleaning, middling retreatment, 
etc., may be tested by batch tests, but it is difficult to arrange the tests to 
take account of the effect of circulating material and circulating loads. More¬ 
over, batch testing inherently introduces some irregularities in conditions not 
present in continuous operation. Hence, unless the flotation is very simple, 
batch-testitig results must in the end be supplemented by results of contin¬ 
uous testing in pilot-mill units arranged as nearly as possible like the flowsheet 
to bo used in the mill. A batch cell may be made to operate as a continuous 
cell by installing ahead of the cell a tank for conditioning and feeding the pulp 
and by pro\iding the cell itself with devices for continuous discharge of frotn 
and tailings. Such a cell with a capacity of 1.7 liters of pulp has o^rated 
very successfully at the Massachusetts Institute of Technology. The Denver 
Equipment Company also supply a continuous single-cell laboratory machine. 
Ball-mill, classifier, and multicell flotation units with sufficient flexibility for use 
in testing are furnished by a few firms. Usual capacities are from 200 to 500 
I^ounds of ore per hour. 

Lacked-batek Tests .—If the flow sheet cannot be tested in a pilot run, owing 
to lack of equipment, lack of sufficient ore, or to other factors, a fair approxi¬ 
mation of continuous conditions may be obtained by locked-batch testing. 
The procedure is to start with a chai^ of ground ore and treat it as in a regular 
single-batch test, making concentrates, middUngs, and tailings. The concen¬ 
trates and tailings are put aside as finished products, but the middlings are 
mixed ^vith enough oripnal ore to make up a second charge equal in amount 
to the first charge, and ibis second charge is run like the first. Its middlings 
in turn are mixed with some more original ore for the third charge, and this 
procedure goes on until the weight of middlings from successive charges becomes 
constant and the final middling product is so small in comparison with the com¬ 
bined concentrates and the combined taiUngs that tabulation and computation 
of results may be based on the combined concentrates and combined taiUngs, 
disregarding the final middlings. This procedure may be elaborated to include 
roughing, cleaning, and scavenging steps, in which case various intermediate 
or middling products are made. Each intermediate product goes back into 
the process at the same place that it would enter in regular mill operation. For 
example, cleaner tailings and scavenger concentrates might go back with 
original ore, rich middlings might be re-treated separately to make concentrates 
going to the cleaning step and taiUngs going back with oripnal ore, and so on. 
By making detailed records of weights and assays at every step, final data will 
be obtained to show, not only extraction and the grades of concentrates 
and tailings, but also grades and weights of circulating loads. 
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neauLTs or Tests.— Weight and assay data from concentration are 
usuSly presented in tabulated form from which is c^culated a^l 
metaliurgical balance as illustrated by Table 96 m Chapter XVII. In making 
ffn tables of this form from data of batch tests, errors from sampling and 
inff or from the inherent losses in handling should be mimraised in the meth^ 
of ^calculation. For example, if a series of tests are on ^ 

the analysis of the ore lot, even though made on a carefuUy taken 
not represent necessarily the exact analysis of each m^vidual batch unle^ 
ore is very uniform and the feed to each test is taken from the original 
lot by careful sampling. Accordingly, the weights, assays, and 
for the feed material in the metallurgical balance are generally comp<^ite fig¬ 
ures calculated from the weight and assay data for the various product of the 
te^ to give perfect balance. It is desirable to include actual weights and 
a^aya of the feed in the table, as compariwn with the calculated composite 
data indicates the accuracy of the work and the losses involved. 
uD the balance in this way, losses of matenal during testing be distributed 
between the various products as if the material lost were of the same composi¬ 
tion and properties as the original ore. , , , . • • w . 

An illustration of the detailed form used by the author is pven by jablc 
99 which covers a simple tabic and flotation test. Such a form has the advan¬ 
tage that it can be extended indefinitely. Table 100 shows summsnes of 

Table hues are numbered for croas-reference purposes. The 

first column names the operations and products and aUo shws by cross refer¬ 
ences the ore movement, so that it is easy to trace the flow sheet. The second 
column gives actual weights in kilograms, including losses wherever they occur. 
The third column gives corrected tons on the basis of 100 tons original feed, or 
in other words the weight per cent, calculated from the actual weights. In 
this column no deductions are made for samples removed as shown m lines lU 
to 12 Where lots are sampled out for alternative treatment, each lot continues 
the full weight as shown in lines 24 to 26. If the residue of line 27 were used 
later for further tests, it would also be carried on as 19.90 tons. Losses dis- 
aoDear in this column and are disposed of in two ways: (1) by assigning the 
loM directly to one product if it is known that the loss occurred m that product, 
and (2) by distributing the loss proportionally among all the products if it is 
not known where the loss occurred. The first method is illustrated m lines 
8 22 and 39 and the second in lines 17 and 33. To Illustrate the second pro¬ 
cedure take lines 14 to 17. The loss of 0.6 kilogram is subtracted from the 
feed of 38.8 kilograms giving a remainder of 38-2 kilograms. The corrected 
tons for oversize and undersize are calculated from the proportions 
38 2 : 100-00 »= 30.6: X and 38 . 2 : 100.00 = 7.6: X, respectively. If a gam 
should occur instead of a loss, the g^n would be added to the feed and the pro¬ 
portion made as before. The fourth column gives assays, and where a figure 
is enclosed in a parenthesis it means that this assay was computed as a compos¬ 
ite assay of the products. Column five is computed by multiplying column 
three by column four. Column six is computed by dividing the total tons of 
copper into the tons of copper in each final product. 

The summaries of Table 100 show the results of combining the data in 
Table 99. Since two flotation tests on material minus 0.25 millimeter were 
made, the first two summaries of Table 100 pve the results from combining 
each flotation test with the Wilfley table test. The assay of 6.72 per cent 
copper for the fe^ is from the assay of the head sample. The figure 6.70 
per cent is the composite assay of the products. The assay of 18.32 per cent 
for the concentrates is the average assay obtained by dividing 6.46 by 35.27, 
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and the same procedure is used for calculatlnK averaae assays of othei 
products. 

The last two summaries of Table 100 pve the results after the middlines 
have been distributed mathematically by the procedure described in the next 
section. 

DisTRiBonoK OP Middlinqs. —Batch testing under some conditions does 
not give sharp separation between concentrates and tailings. Accordingly 
dunng the actual testing, the operator, instead of making an arbitrary point 
of ^paration, may collect the borderline material in one or more middUne 
P^®«ucts. After the test is completed, examination of these middling product'^ 
will show whether they may be mixed with either the concentrates or tailings 
Assjgmng the middlings in ibis way, however, is frequently not sufficiently 
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indicative of results which would be obtained in continuous miU operation 
in which the middlings are continuously re^treated. When appreciable 
amounts of middlings are produced, as in tabling tests, it is best to re-treat 
them. Relatively small amounts of middlings may be assigned to concen¬ 
trates and tailings, or they may be distributed mathematically. Assigning 
the middlings is analogous to assuming that further treatment of the locked 
particles contained in the middling fraction is not justified. Distributing the 
middlings mathematically involves the assumption that the minerals in the 
middlings are liberated from each other to the same extent as are the same 
minerals in the original feed, or that they may be so liberated by further 
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/.mshinff that retreatmant of the nuddliogs will eventually give only concen¬ 
trates and UiUngs of the same composition as the concentrates and tailings 

^^^“be^<h^°ition^of middlings is well shown in Tables 99 , ^2 

middlings ^duct appears for the Wilfley table in Unee IS to 22 of Table 99 
becaus^he middlings which were made in the first passage of the feed ^er 
the table were refed and finally divided into concentrato and 
flotation middlings of Unes 31 and 37 were not treated further, and thus they 
ftooear in the first two summaries of Table 100. 

^ For illustrating mathematical distribution of middlings take the nmt 
summary of Table 100 where the weight of middlings is 1.58 ^ns and the 
cocmer content is 0.06 ton. The problem is to divide the 
con^ntrates assaying 18.32 per cent copper and tailings assaying 0.29 per 

TABLE 100.—8UVUARIES OF RESULTS 
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cent copper. Let X be tons of concentrates from the middlings and T the 
tons of tilings. Then X + K * 1.5® tons weight and 0.1832X H- 0.0029 K *» 
0 06 ton copper. By solving these two simultaneous equations the value of 
X is found to be 0.31 ton and Y is 1.27 tons. These values are added to the 
tons of concentrates and tailings, respectively, in the first summary to give 
the tons shown in the third summaiy; the last two columns of the third sum¬ 
mary are then computed on the basis of the new tonnage figures. 

Comparison of Laboratobt-tbstino Results and Plant Results.— 
Large-scale operation and continuity of operation are important factors favor¬ 
ing better recoveries and better concentrates grades in the mill than are 
obtained in laboratory testing. Hence, under normal circumstances, it is 
possible to reproduce laboratory results with a slight improvement by carrying 
on the same operations in the plant. However, it is not safe to make this 
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assumption for a new ore without the backing of some milling experience on 
that ore or on a very similar ore» for it is not uncommon to find that large- 
scale continuous operation introduces new problems not encountered in the 
^^boratory or that large-scale operation eliminates certain favorable influences 
which were present during the small-scale batch testing. Such difficulties 
are met with in flotation more than in other concentration processes, and for 
that reason it is considered desirable to test the ore in a pilot plant before 
designing the mill in its final form. 

To summarize, batch tests give definite information as to per cent extraction, 
grade of^ concentrate, and ratio of concentration which will be realised in 
^tual mill operation. They also determine the flow sheet, as far as determin¬ 
ing the kind of apparatus to be used. They supply considerable data for 
deciding upon the sizes of individual machines in the mill and for the general 
layout of the mill, especially where the designer of the mill possesses sufficient 
background of experience to enable him to interpret the test results and to 
couple to the information they give his own detailed knowledge of mill appa¬ 
ratus. Better information along this line is given by pilot-plant tests, and 
greater the capacity of the pilot plant the more valuable arc its results, 
Batch testa do not give direct data on the cost of the mill and the cost of 
treatment except as they point out the kind of mill that is needed, and thus 
indirectly enable the designer to make estimates from his own data on costs 
for different tyjn^s of mills under various local conditions. Here again pilot 
plants serve better than batch tests, and in some cases pilot plants have oeen 
large enough to be the equivalent of full-scale operation, thus yielding reliable 
cost data. 

Records and Data. —The first principle in recording data from laboratory 
tests is to be complete, that is, to record all the data and observations for 
every test even after it may have become apparent that the results are not 
the results desired. It should be kept in mind that in ore testing, as well as 
in all other kinds of laboratory work, negative results are just as significant 
as positive results and that interpretation of negative results requires just as 
many data as interpretation of positive results. To insure completeness of 
data, standard forms should be used in making the records. When many 
tests of similar nature are made, printed or mimeographed forms may be 
adopted with appropriately labeled spaces for all the essential data and with 
space for other incidental observations. 

After completing a scries or group of tests, the most significant data may 
be abstracted from all the recorded data and placed in a condensed table to 
facilitate comparison of the various tests. In view of the fact that a mass 
of data in the form of a table is likely to be confusing in making comparisons, 
it is frequently desirable to plot the results on graph paper to bring out clearly 
the important variations in results and their relations to each other and to 
the experimental conditions, 

Summary of Orb Testino PROCEDtmE 

Preliminary Inve8TIG.\tion. —In commencing work on a new ore, much 
time is sa^'cd by following a rather definite sequence of testing operations, 
Certain information about the ore is essential no matter what process is to 
be used, and this information should be found in the preliminary investigation 
of the ore before undertaking extensive testing by any one process. The 
following discussion of the purpose and scope of tbe preliminary investigation 
of ores is taken from Report of Invesligations 3328, of tbe U. S. Bureau of Mines, 
February, 1937. 
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The preliminary investigation of ores embraces such tests and analyses 

may be necessary to determine: (1) whether the sample contains valuable 
minerals in sufficient proportions to be of importance, taking into consideration 
the character of the ore and the data supplied as to location and extent of 
deposit: (2) whether the valuable minerals can be liberated from the 
eangue at a slae within grinding limits; and (3) what general processes seem 
best for the recovery of the economic minerals. 

When an unknown ore sample is received at a testing laboratory, the 
first step is to ascertain by a seriea of preliminary tesU whether the ore is 
sufficiently valuable to merit consideration, whether the ore minerals arc 
liberated from the gangue at a si sc within the limits of feasible practice, 
whether certwn physical properties of the economic and gangue minerals 
differ enough to present the possibility of separation, and what properties 

Visual inspection of some crude-ore samples may answer definitely all 
the above questions. In doubtful cases, chemical analysis, microscopic 
examination, sink-and-float tests, and magnetic tests may be needed before a 
complete testing campaign can be planned. Following is an outline of the 
various testing possibilities, which serves as a guide in planning tost work: 

1. A macroscopic examination of the head sample is made to note the 
nbysical characteristics of the ore as received. 

^ ^2. A suitable portion of the head sample is cnished to the maximum sise at 
which a notable proportion of mineral is liberated, as determined under 

An assay sample is taken from item 2 and ground through 100 mesh. 

4 . A screen^izing, assay test is made on a sample cut from item 2 to deter¬ 
mine natural minerrn concentration. 

5. Sink-and-float tests are made as indicated by item 4 to determine 

mineral liberation at various screen si sea and to furnish the samples for micro¬ 
scopic examination under item 6. . / • i 

6 . A microscopic examination is made, usually of the products of a 

and-float test on minus 100- plus 150-mcsh portions to determine: (a) The 
minerals present and their approximate amounts and (5) the size at which 
practically all the valuable mineral will be liberated. , 

7. Concentration tests are made as indicated from the information deprived 
from the preceding steps: 

а. In rare cases either the coarsest or finest screened portions may be 
discarded as twlings. A finished concentrate is remotely possible. 

б . If the valuable minerals differ in specific gravity by at least 0.5 from 
some of the gangue minerals, gravity-separation tests are made. 

c. If fine grinding is necessary, flotation tests are made. 

d. If the magnetic properties of the valuable minerals differ from those 
of the gangue, magnetic-separation tests are made. 

e. If the valuable minerals have no properties by which they can be separ¬ 
ated from the gangue by ore-dressing methods, the project is closed. 

Flow-sheet Testing. —The results of the preliminary investigation 
of the ore afford the basis for setting up a tentative mill flow sheet, or perhaps 
alternative flow sheets. The next stage in the testing consists therefore in 
determining what results are possible according to the tentative flow sheet 
under different operating conditions, what modifications and refinements are 
necessary in the flow sheet, and what operating conditions give the best results. 
As much as possible of this information is obtained by small-scale batch test¬ 
ing. If the batch work does not give all the information necessary in design¬ 
ing the mill, lai^r samples are tested by locked-batch tests or by pilot-mill 
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operation. Since laboratory testing b infinitely cheaper than experimentation 
in an operating mill, it b obvioua that small-scale testing should be made to 
give as much useful information as possible before designing the mill. 

One Variable at a Time. —Whether the ore dresser is searching for a 
process or carrying on regular mill work, he is always experimenting, trying 
to see whether he cannot hit upon some set of adiustments for his machines 
which will yi^d better results than those already employed. The importance 
of varying only one adjustment at a time and of establishing the best value of 
that under the conditions submitted cannot be overestimated. The moment 
two or more adjustments are made at the same time, the observer is at a loss to 
know to which the improvement is due. Take, for example, a jig working 
upon the first*spigot product of a clasrifier. In establishing the best con¬ 
ditions, we can vary the mesh of the rieve, the size of the bottom-bed material, 
the depth of the bottom bed, the height of the tmlboard, the amount of plunger 
throw, and the amount of hydraulic water, ranging all the way from much 
suction to little suction, from a very free whole bed to a very tight whole bed. 
We may try to have the jig make iU own bottom bed and work in all the 
changes in hydrauUc water, looking for hutch product free from ganguo and 
tailing free from valuable mineral. Next, we may chaoM the throw of the 
plunger, and hunt ag»n for the best hydraulic water; and a number of these 
trials ynW be made until the best throw is found, with its corresponding hydrau¬ 
lic water. We next raise the question of trying a coarser or a finer screen. 
After the first change is made, we must again hunt for the best plunger throw 
and for the best hydraulic water quantity. After trying several sieves, with 
the throw and water tests that go with them, we may conclude that it is better, 
not to force the jig to make its own bottom bed, but to give it a coarser screen 
and to bring bed material to it. A series of these variations can then be brought 
in. On looking over the complete record, it will be easy to locate the set of 
conditions which on the whole give greatest capacity and cleanest work, and 
are therefore (he wisest to adopt. In comparative tests of different machines, 
the same ore should ^ used for both. This is a point which is often dis¬ 
regarded. Flotation tests with their wide range of operating variables also 
serve as another illustration of the importance of the rule for changing only 
one adjustment or condition at a time. 



COAL DRESSING 

The treatment of coal in preparation for the market does not properly come 
under the heading of ore dressing because coal does not come under the defini« 
tion of an ore given in an earlier part of this volume. It does, however, come 
under the heading of mineral dressing, and, as the methods that are used are in 
so many ways analogous to those which are used in the dressing of ores, it 
seems desirable to give the student briefly an idea of the machines and processes 
which are in use today. 

It U obviously impossible to cover all the phases of coal preparation thor** 
oughly in a brief chapter, and no effort has even been made to do so. Instead, 
the object of this chapter is primarily to impart to the student a composite 
genera! picture of the coal-preparation field as a whole, of the general principles 
involved, and of the most common processes in use ti^ay for cleaning coal. 

The student who is especially interested in this line of work should consult 
books devoted to the subject, such as “The Cleaning of Coal,“ by W. R. 
Chapman and R. A. Mott. If the reader is particularly interested in modern 
coal preparation practice and modern methods, valuable references will be 
found in current issues of coal periodicals, Coal Agt, in particular, 
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CHAPTER XIX 
COAL DRESSING 

Co(d conasts of the production of salable coal products from 

raw mined coal by mechanical treatment. The terms "coal preparation" and 
coal cleaning” are also applied to the same field. "Coal washing” usually 
impliw the use of a wet gravity process. The mechanical preparation of 
coal for marketing frequently involves the removal of impurities with which 
the coal is associated in nature, by cleaning or washing methods. However, 
the coal mined from many deposits, particularly in United States bituminous 
coal fields, does not require removal of impurities before marketing; the dress¬ 
ing or preparation of such coal majr include only a separation into different 
si ze grades by screening or by a combination of screeni ng and crushing, Si m pie 
screening tipples or screening and crushing tipples, with removal of part of the 
coal impurities from coarser sises by hand picking, provide adequate preparation 
for another large group of coals. 

The reserves of pure coals requiring little or no cleaning before marketing 
are gradually being depleted in the United States, and there is a constant 
corresponding increase in the application of co^ cleaning. The situation in 
Europe is somewhat different; already a very high percentage of the mined 
coals there are relatively low grade and require cleaning before they can be 
used, The American coal industry is just emerging from a period character¬ 
ised by the general reluctance of the coal producer to adopt cleaning. The 
general attitude toward cleaning during this period was reflected in the coal 
producer's idea of accounting for material discarded in the form of waste or 
refuse from cleaning as actual loss of production in coal. In other words, the 
value of the discarded material was figured as if it were so much mined coal 
that was not marketed, and this computed value was counted as one of the 
items of cost of preparation, The cost of cleaning also contributed to this 
attitude. Thus, to the coal producers, the adoption of cleaning meant pri¬ 
marily that production of marketable coal would he decreased and at the same 
time operating costs would be increased. Now, however, there is some 
tendency for American coal producers to clean coals for which a few years ago 
cleaning might have been considered an unjustified expense. This tendency is 
a result of the general recognition by many classes of fuel consumers of their 
savings by using higher grade, carefully prepared coal, and of their consequent 
willingness to pay higher prices for grades of coals with uniformly low contents 
of impurities. 

The Purposes of Coal Cleaning; Advaktaqes of Cleaned Coal. —The 
purposes of coal cleaning may be considered from two standpoints: that of 
the coal producer and that of the coal consumer. 

The aim of the producer is to make an optimum recovery of salable 
coal from the raw coal, that is, to carry the preparation of the coal to the 
point at which the maximum economic return per ton of nin-of^mine coal 
is obtained, Thus, from the producer's standpoint, the marketing of the clean¬ 
est possible products does not necessarily correspond to the point of maximum 
return, unless the consumer will pay in the competitive market a sufficiently 
higher price for a cleaner coal to justify the higher cleaning costs and lower 
yield of cleaned coal. 
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The eeneral standpoint of the modern coal consumer is illustrated W 
following statement made by Chapman and Mott:* “It is doubtful whether 
there is a single industrial process dependent upon the combustion of coal 
which cannot be carried out with a clean coal more efficiently and at a lower 
operating cost than with a coal containing larger quantities of incombustible 
matter.” The advantages of low incombustible content of coal 
briefly summarised as follows: (1) more efficient combustion and higher heat 
evolution per unit weight of coal burned, (2) maximum useful application ol 
heat, (3) lower freight and handling charges per unit of heat value for «^hyery 
from coal plant to point of consumption and for the disposal of incornbusliolo 
refuse or ashes, and (4) ^eater cleanliness and leas ashes to be handled, this 
being of particular value in domestic fuels. . , , , 

The Impurities in Raw Coal. —For the benefit of the ore-dressing student, 
the general contrast ^tween coal dressing and ore dressing should be bnefly 
mentioned- The dressing of an ore usually involves the concentration of the 
valuable ore minerals in a concentrate product of relatively small bulk and 
the discarding of a relatively laige bulk of the originai ore as waste; whereas the 
cleaning of coal involves, in general, the rejection of impurities in a relatively 
small bulk of refuse and the production of a clcwicd coal whose bulk is a rela¬ 
tively high percentage of that of the original raw coal. This point is illustrated 
by the fact that the amount of refuse discarded in washing American coals at 
present averages around 8 or 9 per cent of the weight of the raw coal 

The chief impurities in coal are represented by the ash content and by tho 
sulphur content, respectively. Sulphur may be present as pyritc, organic 
sulphur, or sulphate sulphur. The so-called pyrite is generally marcasite. and, 
when coarsely disseminated, is often designated by the coal miner as sulphur 
balls.” Sulphate sulphur is generally small, and usually of negligible influence 
on coal-cleaning operations. The ash consists primarily of slate or sh^o, 
clay, calcite, gypsum, and a certain amount of mineral matter remaining 
from the decomposition of original plants during the formation of the coal 
deposits. Rarely, other impurities, for example, phosphate minerals, may 


occur. 


Physical Forms of Imj/uriliss .—Impurities may be classified in two groups 
on the basis of their physical occurrence with the coal; (1) those that are so 
intimately mixed with the coal that for all practical purposes they form a 
part of its composition and cannot be separated from it by mechanical proc- 
—these may be called “nonremovable impurities”; and (2) those which 
are coarsely segregated in the coal and may be separated by mechanical 
processes—these arc c^led “removable impurities.” 

The percentages of nonremovable impurities determine the imnimum ash 
and sulphur contents of the cleanest portion of the raw coal and thus are the 
lower limits which may be approached in the product from a coal-cleaning 
operation. These limiting values, corresponding to the percentages of non¬ 
removable impurities, are designated as “fixed” or “inherent” ash and sulphur 
contents- It is apparent that the limiting values for cleaning purposes vn\i 
depend in some measure on the fineness of crushing of the coal under con¬ 
sideration, ss they will be decreased as impurities are freed or liberated by 
finer crushing. The more direct and more general significance of inherent 
ash and sulphur in coal preparation problems will become clear in a later sec¬ 
tion dealing with coal testing by float-and-sink methods and coal washabiUty. 

The common nonremovable impurities are organic sulphur, finely dis¬ 
seminated pyrite, finely divided ash-forming material, and the residual mineral 
matter of the ori^nal plants. Orgamc sulphur is a part of the true coal 
* Chapman and Mott, '‘The Cleanii^ of Coal,” p. 624. 
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^bstance and cannot be removed by mechanical means, no matter how 
finely the coal is crushed. Pyrito as thin flakes or scales in cleavage planes or 
^ microscopically disseminated particles may be removed to a certain extent 
by fine crushing and careful cleaning, but the practical limitation to fineness 
of crushing in coal-dressing practice is such that, in general, most of the pyrite 
of such occurrence is not separable from the coal. Finely divided ash-forming 
matenaJ in the coal may occur in varying forms, as illustrated by the following 
^ complete range of increasing ash contents: (I) bright coal, 
(2) dull coal, (3) bone coal, (4) carbonaceous shale, and (5) sh^e. The ash 
and coal constituents in the three intermediate members of this series are so 
intimately mterstratified that separation by mechanical means is impractical 
or even impossible, 

The removable sepegated impurities consist of shale, clay, and pyrite, 
and occasionally in minor amounts, calcite and gypsum. Shale, slate, and 
clay occur m layers interbedded between the coal benches, as infiltrations 
deposited in crevices, or they may be extraneous impurities from the strata 
forming the roof or floor of the coal seam which are introduced during the min¬ 
ing and loading operations. Extraneous impurities not originally a part of the 
coal seam proper now account for a somewhat larger portion of the total 
impurities in run-of-raine coal than formerly, owing mainly to the develop¬ 
ment of mechanical loading methods and their substitution for manual loading 
Removable pyrite occurs as nodules or balls, varying in size from a fraction of 
an inch up to several feet; as lens^ up to 2 or 3 feet thick and several hundred 
feet in the longest lateral dimensions; or as veins or fissures in the coal bed. 

COAL-PREFARATIOX METHODS.— The mothods used in the mechanical 
preparation of coal are analogous in many ways to those used in the dressing 
of ores. In some instances the same machines could be used in both fields 
perhaps with slight modifications. Coal preparation brings in no principles 
to w'hich the student has not been introduced in preidous chapters dealing 
with ore dressing, but certain of these principles are more important in co^ 
preparation and may be utilized in machines and processes quite foreign to 
modern ore-dressing practice. 

An csscntisl feature of coal-dressing processes, which is not always of equal 
importance in ore-dressing operations, is that the treatment must be rapid and 
inexpensive, because co^ is a cheap product. Accordingly, simple plants 
consisting of a few units, each capable of handling a lai^ tonnage, arc required. 

Another factor important in coal dressing but of little or no interest in ore 
dressing is that the coal, during all stages of its handling, from mining, through 
preparation, transportation, and finally to its delivery to the consumer, must 
undergo a minimum of degradation. The term degradation," as used in 
reference to coal, denotes breaking or reduction of larger coed sizes such as 
lump coal to smaller sizes by abrasion and fracture during handling. Mini¬ 
mum degradation is important because the value of coal depends on its particle 
size, and in general, the larger the particle size is, the better price the coal com¬ 
mands on the market. 

Gravity-separation principles form the basis of most of the coal-cleaning 
processes in use at the present time. The application differs from ore dressing 
in that the valuable mineral, the coal, is the light mineral and the impurities 
to bo removed by cleaning are heavier. Table 101 gives the approximate 

TABLE 101.— SPECIFIC GRAVITIES OP COAL CONSTITUENTS 
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specific-gravity ranges of the most common bituminous coal constituents. 
It is apparent from these figures that the separation of bone coal and light 
middlings in the specific-gravity range 1.35 to 1.6 or 1.7 will furnish the greatest 
difficulty in gravity separations, and accordingly the ease of washing a coal is 
very closely related to the amount of material of intermediate specific gravity 
in the raw coal. When this amount is high, it is also problematical just how 
much of the middlings should be allowed to go into the cleaned coal product 
and how much should be discarded as waste. Exceptional circumstances may 
even justify recrushing and retreatment of the middling; retroatment without 
further crushing is an essential part of several major cleaning processes. 
Specific^ravity analyses of raw coal and of washery products play a highly 
important role in the control of washing operations and afford the operator an 
accurate index of the quality of separation be is accomplishing. The tech¬ 
nique and application of specific-gravity analyses to coal cleaning will be taken 
up in a later section of this chapter. 

Summary op CoAL-DRBSdiNQ Operations 

The raw material delivered to the preparation plant ordinarily consists of 
nin-of-mine coal, varying in size from large lumps down to fine dust. The 
products leaving the plant may con^t of one or more grades of marketable 
coal and a refuse material. In order to obtain the greatest net profit per ton 
of raw coal, it is usually necessary to make several grades of clean^ coal, 
grading according to particle size, or according to ash and sulphur contents, 
or in many cases according to both. The operator seeks to adjust his output 
of each grade according to market conditions and thereby to dispose of the 
total output in as economical a manner as possible. 

AnikraciU coal is all marketed in certain trade sizes based on screens with 
round holes, which are shown in the first two columns in Table 102. The sizes 
buckwheat, rice, and barley ai-c also known as ^'buckwheat No. 1,'’ buck¬ 
wheat No. 2,” and ^‘buckwheat No. 3,” respectively. Additional sizes not 
included in these standard specifications, sizes which arc produced in smaller 
amounts, arc lump, over 6 inches;steamboat, through 6 inche.s, over 4}inches; 
and in the finer sizes, buckwheat No. 4, through A inch, over A inch; and 
buckwheat No. 6, through ^ inch. The last two sizes when mixed arc also 
known as '^anthrafine" or sometimes as *‘silt,'* the usage of the latter term 
varying somewhat. The sizes pea and larger are largely used for domestic 
beating purposes, and command the highest market prices per ton. The 
buckwheat sizes of anthracite are known as the “steam sizes.'’ Table 103 
shows the percentage of each of the sizes produced in the Pennsylvania anthra¬ 
cite field in 1034 and also the average value of each size. These data include 
the anthracite shipped from breakers treating run-of-mine coal and also a cer- 
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tain amount of the finer buckwheat daes recovered from old culm banks, 
consisting of the fine coal separated and discarded in the earlier periods of 
anthracite mining when the fines were considered of no value. Statistics simi¬ 
lar to these over a period of years indicate a general trend toward the production 
of greater quantities of the finer sises and, accompanying this tendency, a trend 
toward better cleaning of the fine sizes may also be observed. These trends 
are a direct result of advances and improvements in technique of coal burning, 
stoker firing, and similar practices requiring smaller sises of coal. 


TABLE 103.—8H1PUCNT8 PROM PENNSYLVAXJA ANTHRACITE BREAKBR8 

IN 1934; SIZES and values 
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Anthracite is compact and contains but little volatile matter. The lumps 
when ignited burn only on the surface and consequently require free access 
of air to promote combustion. It is this which makes it necessary to separate 
the particles into a series of sises. If it should be attempted to burn a mixture 
of all sizes, the access of air would be impeded by dmail lumps filling the spaces 
between the large lumps. 

The preparation of anthracite requires more care than the preparation of 
bituminous coals, because, in the first place, much of the anthracite as mined 
is dirtier than the average bituminous coal, and in the second place, about two- 
thirds of the output is used for domestic purposes, for which higher standards 
of purity must met. As a result, practicallv all of the anthracite output 
is treated in coal cleaning or washing plants, called breakers,'* which include, 
besides the actual cleaning machines, crushers for reducing the coal to give 
the proper proportions oi the various sizes and screens ^r separating the 
various trade sizes. 

Bituminous coal cleaning is subject to somewhat difierent consider¬ 
ations. Sizing the coal before marketing is neither so extensive nor so stand¬ 
ardized as in anthracite practice, and in most preparation plants maximum 
fiexibility is provided to allow the production of a number of various sizes and 
size mixtures as they arc called for by market conditions. In some loc^tles, 
either nin-of-minc coal or unsized washed coal may be marketed without 
any sizing, although the present tendency is definitelv to the contrary. A con¬ 
siderable variety of practices in regard to sizing will W found from one locality 
to another, and furthermore, there may be substantial variation in sizes 
having the same trade name. For example, a plant may ship one or two egg 
sizes between 2 and 6 inches, one or two nut sizes between } or 1 inch and 2 
inches, perhaps a stoker coal size between ^ and f- or 1 inch, and slack or 
.*<cr(*enings, all through 2 inches, 1 inch, f inch, i inch, or even i inch. In 
addition provisions are very often made for making various mixtures of these 
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sises. The figures given above illustrate the looseness in terminology 0 /the 
various siae grades, and it will also be found that the same siae is given dincr- 
ent names in different localities. . , , , , n 

The bituminous coal output is largely absorbed by the steam railroaas, 
the coke industry, general manufacturing industries, public utilities, ana 
domestic consumers. It is beyond the scope of this text to f^ior into a treat¬ 
ment of the requirements and specifications of coal most suitable for ^PPhca- 
lion in each of the fields listed. However, it should be emphasiMd that the 
success of any coal-mining and coal-dressing enterprise U dependent largely 
on its capacity to furnish coal products meeting these differing and continually 
changing market requirements, as well as on the absolute cleaning or washing 
efficiency 0 / the preparation plant itself. j o* * 

The percentage of the total output of bituminous coal in the united States 
which is mechanically cleaned is relatively small in compaiison with the percent¬ 
age cleaned in European coal fields and in comparison with the percentage of 
anthracite cleaned in the United States, because the bituminous coal seams in 
many localities are such that the coal may be mined with relatively little con¬ 
tamination. In certsdn districts, however, notably the Alabama distnct, 
these conditions do not prevail, and cleaning is the usual practice. In 1935, 
12.3 per cent of the United States output of bituminous coal was mechanically 
cleaned coal- A gradual increase in the percentage of the total national output 
mechanically cleaned is to be expected with the gradual depletion of the higher 
quality coal seams. 

Essential Operations in Cleaning Plants. —Although, as the previous 
discussion has indicated, there are some cssenUal differences between anthra- 
ci te preparation and bi luminous preparati on, the met hods are similar- Accord- 
ingly, both fields will be taken up together, and the main differences will be 
mentioned where necessary. The essential operations in cleaning plants may 
be grouped as follows: 

Brewing. 

Sising and grading. 

Hand picking and mechanical picking. 

Mechanical cleaning, including testing and control. 

Dewatering and drying. ^ ... 

Recovery of fines; water clarification and circulation. 

Moving coal in the plant. 

Miscellaneous operations. 

The above classification should not be considered either as a sequence of 
operations or as a list of operations, all of which will be found in any plant, but 
rather as a classification convenient for purposes of discussion. 


Breaking 

Coal breaking and crushing may serve one or more of the follow ng pur¬ 
poses: (1) reduction of coarse portion of mine-run coal to smaller si ses prior 
to cleaning operations, when production of coarse, raw or hand-picked lump 
sizes is not desired; (2) reduction of hand-picked lump coal to smaller sizes 
for direct marketing or for further mechanical cleaning; (3) reduction of larger 
rises of mechanically cleaned coal to smaller sizes when there is a better 
market or better price for the latter; (4) freeing coal from inpurities (slate, 
bone, pyrite, etc.) in run-of-mine coal or in middlings from hand picking or 
mechanical cleaning, preparato^ to further cleaning. 

The general use of mechanical stokers and pulverized fuel, coal require¬ 
ments in gas manufacture, and general developments in firing technique 
have created an increased demand for the finer coal sizes; so much so that in 
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some districte coal-proparation plants Tsili have facilities for crushing their 
total tonnage of the coarser siacs if desired. 

The making of a uniform crushed product, with a minimum of oversize and 
a minimum of undersi 2 c and fines Ks of much greater importance in crushing 
coal than it is in crushing ore, for several reasons. In the first place, lire coal 



Fig. 241b. — Close-up view ot crushing roU. showing toolhod segmenU. 


after crushing and further treatment by screening and cleaning'nill eventually 
find its way into the various grades of market coal, and certain of these grades 
will have materially better market prices than some of the others. Hence, 
in crushing lump coal a maximum yield of the more profitable and more market¬ 
able sizes is essential. A second feature which should be considered is that 
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fines are difficult to deal with in cleaning operations. U present in too high 
nroportions, not only are they not efficiently cleaned themselves, but tneir 
nresence interferes with the cleaning and other operations on the other ^zes aa 
well. In fact, it is not uncommon practice to remove the fines from the coal 
before cleaning and, depending upon their purity, either add them to the 
cleaned coal or discard them as waste. ^ i 

The foregoing requirements are reflected in the design and operation ot coal 
breakers, as set apart from ore breakers. Standard ore crushers are not 
suitable for efficient and exact crushing of coal, and special types of crushers 
have been developed especially for coil. These will be taken up briefly in 

followng sections. , 

Types of Machines Used.—T he chief machines used for crushing coal 

may be classified as follows; 

Roll crushers: 

Single rolL 
Double roll. 

Needle crushers and pick breakers. 

Hammer mills. 

Pulverizers and disintegrators. 

Rotary breakers (Bradford). 

Single-roll Crushers. —Figure 241a shows one view of a Jeffrey single- 
roll coal crusher. This machine represents the simplest type of crusher used 
for coal and consists of a heavy casUlron frame on which are mounted the 
crushing roll and the stationary breaker plate. The roll shaft is gear-driven 
by the countershaft, which in turn is driven by the driving pulley, seen in the 
figure. The crushing roll consists of a drum, to which are bolted toothed 
segments, as illustrated in Fig. 2416. These sements are designed especially 
to grip the coal and force it down into the crushing opening, the larger teeth 
gripping the larger lumps and the smaller teeth the smaller sises of coal. The 
design, spacing, and general arrangement of these teeth have con^dcrablc 
influence on the type of product maSc. The breaker plate is held in position 
by a tension rod with a spring-relief mechanism for protection agunst tramp 
iron, 

Jeffrey single-roll crushers are furnished in various roll sizes, from 18 
inches in diameter by 18 inches long to 36 inches in diameter by 54 inches 
long. Roll speeds vary from 25 to 125 revolutions per minute, the smaller 
rolls being operated at higher speeds than lai^r ones. The 1^ by 18-inch 
crusher will handle feed lumps up to about 12 inches in size whereas the 36- by 
54-inch crusher will take lumps as large as 30 inches. The capacities vary with 
the setting and with the nature of the coal. The 36- by 54-inch crusher, for 
example, is rated at 400 tons per hour for crushing a medium hard bituminous 
coal of 24 inches maximum size down to 1^ inches (round-hole screen) and at 
800 tons per hour for crushing the same fe^ to 4 inches maximum sise. 

Single-roll crushers have the advantages of simplicity, compactness, and 
ability to operate satisfactorily at high reducUon ratios. The crushing action 
involves a combination of impact, squeezing, and abrasion. The power 
consumption is high, owing to frictional forces set up by the abrasive action. 

Crushers of this type are widely used for the reduction of large lumps or 
run-of-mine bituminous coal to smaller sizes and are generally applicable 
for crushing to a maximum product size between H and 6 inches. 

Double-roll Crushers. —Two types of double-roll crushers are shown in 
Figs. 242 and 243, respectively, the former known as “toothed rolls,” and the 
latter as * * corrugated rolls. ’ ’ The rolls consist of a pdr of iron or steel cylinders; 
one roll usually is belt-driven, and the second roU is gear-driven from the 
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first. Relief springs and floating bearings permit one roll to yield sufficiently 
to prevent damage to the crusher. Roll speeds of 250 to 300 peripheral feet 
per minute are now standard in crushing anthracite coil and give letter 
yields of the domestic sises than higher speeds. 

Tooth design and spacing are considered rather important features in the 
design of toothed-roll crushers. Dull and worn teeth may reduce crushing 
capacity, increase power consumption, and decrease the sise yield of the desired 



Fio. 942.—TootM rdls. 



Flo, 243.—Corrugmtod roUa. 


coarser sizes. The roll face is usually made up of segments that can be replaced 
when necessary. Toothed double-roll crushers are always used in breaking 
anthracite and are used to a lesser extent in breaking bitun^ous coal. They 
are well suited for crushing to 2 inches maximum rise or coarser. Corrugated 
rolls may be used for finer crushing and for slate, bone, and simile materials 
which occur in flat pieces. 

Standard compound-geared toothed rolls are avtulable in various sizes from 
24 by 24 inches to 60 by 60 inches in rise. The 36-iDch diameter by 34-incb 
length size is common in anthracite breakers. 
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Nf®DLE Crushers and Pick Breakers.— These machines are little used 
m the United States but have been used to some extent abroad. Figure ^4 
shows one form of a needle crusher, and illustrates the general pnnciplc on 
which all the various machines of this class are based. Lump coal is broken by 
the piercing action of steel needles, the sise of the product depending on the 
spacing of the needles and on the screen aperture. The crusher shown m the 
figure has a swinging plate o to which are ripdly fastened the steel Defies 6, 
which decrease in length and diameter from top to bottom. The coal drops 
on the plate c under the biggest and longest needles which crack the lar^st 
lumps* Then the coal drops from this plate to the shaker screen o which 
derives its motion from the shaft of the swinpng plate by means of a lever c. 
screen is cushioned on its rear end by spring /. s .i_ j j 

Hammer Mills. —One mill of this type has already been descnbed ana 
illustrated in Fig, 59, in Chapter VI, and hence no further description need be 



given here, This type of crusher may be used in crushing coal for mechanical 
stoking, for coking, or for other purposes where the production of fines does 
not have to be so strictly avoided as in crushing prior to washing. Hammer 
mills are accordingly used for finer crushing than is usually accomplished in 
roUs, making products with a maximum sise of i inch or under, in some cases 
as fine as ^ mcb. 

Pulverizers and Disintegrators. —These are of little direct importance 
in the actud preparation of coal for market but are used more for crusldng coal 
at the point of utilisation, such as at pulverised-fuel installations and at coking 
plants for preparing fine coking coa&. Some forms of pulverizers have been 
described in Chapter VI; the Raymond mill, Fig. 58, is a type which finds 
considerable application on coal. 

Rotart Breakers; the Bradford Breaker. —The Bradford breaker is 
in reality a combined breaker and cleaner, although in some instances it is 
used primarily as a breaker. This machine is shown in Fig. 245. It is simply 
a drptn or cylinder, supported on trunnions in much the same manner as a 
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ball mill, and is revolved slowly at 20 revolutions per minute. The cylinder 
is made up of heavy steel^screen plates, the sise of the screen perforations 
determining the maximum sise of the crushed coal. Coal is mechanically fed 
into one end of the cylinder and is immediately picked up by longitudinal 
shelves in the cylinder. These shelves carry the co^ up and drop it on the 
cast-steel “shatter fingers” attached to the perforated plate. The coal is 
broken by concussion, the fine particles pass through the screen and out of the 
machine, and the oversiac is carried up again and repeats the cycle. A certwn 
amount of size reduction is also accomplished by the rolling and tumbling in 
the bottom of the cylinder. The shatter fingers are set on the inside of the 
cylinder in an adjustable spiral arrangement, by means of which the movement 
of coal from the feed end to the discharge end may be regulated. Slate, 
bone, pyrite, and other harder constituents of the raw coa! are tougher than 
the coal and are therefore not crushed to any great extent but pass to the 
discharge end, where they are removed by the wing-shaped refuse removers. 
When the machine is properly regulated, the refuse discharged at the end is 



high in ash and sulphur and may be discarded; the coal passing through the 
screen is accordingly lower in aab and sulphur than the raw coal fed to the 
breaker. 

Capacities of Bradford breakers vary over a wide range, as the crushing 
rate id directly dependent on the friability of the coal. Different sizes of 
breakers are built with capacities ranging from 5 to 600 tons of raw coal feed 
per hour. Operating data reported in one instance were as follows: A breaker 
9 feet in diameter by 11 feet in length, with ^inch screen perforations, handled 
60 tons of raw coal per hour. The feed contained 16.88 per cent ash; the 
screened coal, amounting to 86 per cent of the weight of the raw coal, contmned 
13.0 per cent ash; and the refuse, amounting to 14 per cent of the original feed, 
contained 41.21 per cent ash. 

Although the Bradford breaker was originally developed for use in the 
preparation of anthracite coal, its use today is greater in the bituminous 
field, in which there are many installations. 

Sizing and Grading 

Sizing operations form a very important part of modem coal preparation 
plants of all types. As described later, grading by screening may be the chief 
market preparation pven the coal in many localities. Siting in cleaning 
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nUntfl may be necessary in various parts of the flow sheet, as follow: (1) 
siaiag preliminary to cleaning, (2) grading coal preparato^ to marketing, 
and (3) rescreening graded sizes to remove degradation and to insure uniformity 
in grading. In addition to their use for string as discussed in this section, 
screens also are of importance in operations such as dedusting and dewatenng, 
which are taJcen up in later sections. 

Preliminary Sizing. —Generally, screening is the first operation in the 
plant flow sheet, and in this position it may serve one or more of the following 
purposes: (1) separation of coarse coal for hand picking, for breaking to finer 
sizes, or for hand picking followed by breaking of certrin of the hand-picking 
products; (2) separation of the raw coal into two or more sizes for cleaning in 
separate machines; (3) by-passing fines or other sizes around the cleamng 
operations or iscarding them entirely; or (4) grading the raw coal into various 
trade rises, each size to be cleaned separately. 

Inasmuch as hand picking is generally used in both anthracite and bitu¬ 
minous coal preparation, screening out larger si sea of coal and allowing them to 
run directly from the screen to picking tables is common. Depending upon 
local conditions, this separation may m made at different sizes: in anthracite 
practice the lump and steamboat rises (over 6 inches, and 4| to 6 inches, 
respectively) are usually hand-picked, occarionally the next smaller size or 
sizes; in bituminous practice lump rises (usually 4 inches and over) are com¬ 
monly hand-picked, and egg coal (2 to 4 inches, for example) is also picked in 
some p] ants. Mech ani cal pickers, spi ral separators, and similar devices over! ap 
hand picking in their application Wt may be economically carried to finer 
rizoB than hand picking. 

A certain amount of the lump or other larger rises of coal mav be screened 
out and reduced to finer sizes in breakers, depending on the relative market 
demands for the various respective size grades. This practice has become 
general in the anthracite fields, owing to the great decrease in use of the sizes 
^broken’’ and above and increase in use of the finer prepared sizes. Screens 
in an application of this type may also serve to close-circuit the crushing rolls. 
Ordinarily the coal is hand-picked to discard coarse free riate and other refuse 
before feeding to the rolls. 

As will be brought out in the discussion of cleaning processes in a later sec¬ 
tion, many machines function best when their feeds are held within certain 
size limits. The closeness of siring derirabic for feed varies considerably 
among the various types of cleaning machines. On the one hand, for example, 
certain pneumatic-cleaning processes require a 2 to 1 sizing ratio for best results, 
whereas, in contrast, in some plants wet jigs are fed with coal ranging from 3 
or 4 inches to the finest dust. 

The proper treatment of fines is a live problem in many plants, particularly 
those uring wet washing, aa, when carried along with the coarser sizes, the 
fines are only poorly cleaned if at all and ^ve rise to various serious difficulties 
in washing. Accordingly, a number of plants have found it worth while to 
screen out the fines from the raw coal before washing and to by-pass them into 
the clean coal or to discard them altogether. The latter practice was fairly 
common at one time but has decreased to a lai^e extent as methods have 
developed for handling the fine material. 

Grading. —The importance of grading by size in both the anthracite and 
bituminous industries and other factors in regard to grading have already been 
discussed, and little need be added here. Separation of the various trade 
sizes may be carried out by screening before cleaning in some cases, particularly 
if it is of advantage to have a closely sized feed to the cleaning machines used, 
but it has now b^ome more common to grade the coal finally after cleaning. 
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The latter method usually yields more uniform sizes with less undersize, as 
there is a minimum of handling the coal and hence a minimum of size degrada¬ 
tion after tl^e grading. 

Rescrbenino. —When the coal has been cleaned or otherwise handled in 
any way after it has been graded Into its various trade sizes, the fines resulting 
from degradation may be removed by rescreening operations. Typical 
instances of this practice are rescreening loading booms, used in delivering 
coal to railroad cars, and Up screens, used at various points of delivery of the 
coal. 


APPARATUB 

Shaking screens, vibrating screens, revolving trommel screens, and various 
forms of stationary screens have all boon used for screening coal. Trommels 
with several concentric jackets arranged on one shaft to give several sizes 
were once fairly common, but their use lias decUn<^, and shaking and vibrating 
screens are most used in modern plants. Lai^e shaking screens, from 4 to 10 
feet wide and up to 30 feet or more in length, are standard for coarse screening. 
Vibrating screens are becoming popular for fine screening. Multideck screens 
are common in both types. 

Screen sizing in general has been treated in some detail in Chapter IX. 
It should perhaps be added that in coal screening it is desirable to keep break¬ 
age and production of fines during screening at a minimum. Also in coal 
screening, particularly for gradins^ purposes, accuracy of sizing may be of 
somewhat greater importance than in ore screening, as the coal consumer may 
insist on getting a coal with the percentages of oversize and underrize bold 
within rather narrow limits. 

Screen Surfaces. —Round-hole punched plate is commonly used on coal 
shakers for most purposes. Lip screens are used considerably for removing 
degradation and also to some extent for primary screening. Lip screens have 
long slotted openings which diverge or widen in the direction of How of 
material across the plate. The plate is bent downward at the end of each 
row of slots to form a step, so that particles which tend to become wedged in 
the slots are freed on reaching the lower ends of the slots. Where applicable, 
lip screens ba^'c the advantages of high percentage opening and high capacity 
in small area, reduced tendency to blind, and low coal degradation. However, 
sizing is not so accurate as with round-bole surfaces. Woven wire and special 
materials such as w'cdge wire find con^derable application in the screening and 
dewatering of fine sizes. 

Arranoeuekt of Screens. —If the feed to a screen or set of screens is to be 
separated into a number of separate size fractions, w*bether it be for preliminary 
sizing or for grading purposes, several methods of screening are possible. For 
example, the screening surfaces may be arranged so that the feed material 
passes first over the smallest openings and then over the next larger openings, 
and so on, the finishod-sizc fractions being removed at each screen section as 
undersize, and the oversize on each section passing on to the surface with the 
next larger size of openings. This method is illustrated in the later description 
of the Van Lear tipple and is common in bituminous coal plants requiring no 
further separation of fines under 1 or H inches. However, when separate fine 
sizes arc made, it is not the best meth^ because it involves the introduction 
of the total tonnage of all sizes of material on a fine screen, and this screen is 
consequently subject to wear and loading beyond its strength. Screening from 
fine to coarse, in its proper size range, has the advantages that all the sizes 
of holes may be made in one continuous screening surface of shaking screens, 
low headroom is required, and a rimple arrangement of equipment is possible. 
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Fig. 248.^yftn Lmt tipple. Coitfolidatioo Coal Company. Van Lear, Kentucky 


screening from coarse to fine. However, it possesses the advantages of 
requiring minimum handling of the coarser sises; hence it is favorable for 
minimum degradation; and secondly, finer screens are fed with lower tonnages of 
material from which the relatively coarse rises of coal have been removed. 

A combination method is advantageous in some cases. For example, the 
raw coal may be fed first to a series of screen surfaces which separate the coarse 
sises by the first, or fine to coarse, method above and pass all the fine sizes 
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together as undersiae of the first section. Then these fine sises pass to a sec¬ 
ond set of screens where they are separated by screening coarse to fine. 

Example op Pbactice; Scbebkino and Picking Tipples. —Bituminous 
coals with sufficiently low contents of impurities that mechanical cleaning is 
not required are either loaded and shippiNj as run-of-xnine coal, or they arc 
prepared for the market by sise grading in the mine tipples. The former 
practice of shipping run-of-miac coal is decreasing, owing to the present 
demands of most classes of coal consumers for graded siscs. Frequently the 
operations of size grading in the tipple are accompanied by hand picking 
larger sizes, and provisions are also made for crushing larger sizes and mixing 
the primary sizes in desired proportions. 

Van Lear Tipple, Consoltdalion Coal Company, Van Lear, Kentucky .— 
Fi^re 246 shows the general arrangement of the Van Lear plant of the Con¬ 
solidation Coal Company in plan and vertical section views, illu.^ttrating 
modern practice in preparation of bituminous coal requiring no mechanical 
cleaning. This tipple has facilities for making normally four primary sizes 
from run-of-mine coal, namely: lump or block, over 5 inches; furnace, 3 to 6 
inches; stove or egg, to 3 inches; and nut slack, under H inches. The three 
largest sizes are hand-picked. Sizes above 3 inches may be crushed if greater 
production of the smaller sizes is dodred. Also adequate facilities for mixing 
primary sizes are provided. This tipple is rated at 600 tons per hour for norma) 
operation, or 400 tons per hour if the larger sizes are crushed. 

Hun-of-mine coal Is delivered from the mine to the main shaker in the 
tipple by a 54«inch belt conveyor. Mine rock is also brought out of the mine 
by the same conveyor and is diverted to a second belt conveyor in the tipple 
whicl) carries it to the rock bin, from which it is hauled in cars to the waste 
dump. The main shaker delivers as products all the primary sizes made in 
the tipple and is also used for rescreening the product of the single-roll crusher 
w'hen the coarse sizes are being crushed. The four primary sizes are removed 
in order, screening from fine to coarse, section A delivering minus l<^inch 
nut slack, sections B and C delivering to 3*inch stove, and section D deliver¬ 
ing 3- to 5-inch furnace as undersize and 5-inch oversize lump or block. 
The three coarser sizes arc rescrecned at H inches as shown at E, F, and (7, 
before parsing to their respective apron-eonveyor booms. Rescreenings are 
returned to the bead of the shaker by the rcscreen conveyor and the rescrcen 
elevator. Slack is delivered from the main shaker to its 4S-inch apron- 
conveyor loading boom by a belt conveyor, which is equipped with a magnetic 
head pulley to remove tramp iron. The slack is given a dustproofing treat¬ 
ment in the boxed vertical chute delivering the conveyor discharge to the load¬ 
ing boom. The other sizes pass directly from the screen to their 60-inch 
apron-conveyor booms, and are hand-picked on the horizontal portions of the 
booms. Refuse picked from the coal is conveyed to the rock bin for disposal. 
The hinged sections of the booms are 32 feet long. Normally these booms 
load the coal directly into rmlroad cars located as indicated in the figure on 
the four tracks running through the tipple, but, if block and furnace are to be 
crushed, the loading booms are raised to deliver these sizes to the 48-inch 
flight conveyor, which feeds the crusher. This flight conveyor is also used as a 
mixing conveyor and may be operated so that, w*hen reversed, its lower strand 
carries coal to the domestic bin. Block and furnace coal are crushed to 2^ inches 
in the 36- by 54-inch single-roll crusher, which is arranged to handle lumps as 
large as 30 inches in each dimension. The crusher product is returned to the 
main shaker for rescreening by a 36-inch flight conveyor. A bar screen, 
shown at H, is located in the chute by which this conveyor delivers to the 
shaker, and by-passes the fines directly to the slack conveyor. 
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Hand Picking and MecbanicaI/ Pickers 

r."rx»-i”.".' 

the refuse instead. Also there are several plants in dTs- 

nicked nameWs a refuse product relatively free from coal and suitable for dis 
carding as was^te and a second product consisting of bony wal or 
g^d coal attached to it. The second product is crushed and added to the 

smaller raw coal sizes for cle^ng. , 

Mechanical Pickers.— These separators make use of several differences 

in properties between shale or slate parUcles and coal particle. Some mechan¬ 
ical pikers make a separation on the basis of the differenc^ m 
affect the relative movements of coal particles and siparticles ^dwn an 
incUned chuU or other incUned surface. Slate has a higher cwfficicnt of slid¬ 
ing friction and a higher specific gravity than coal; also it tends to break into 
flat pieces which have consideraWy more surface in contact mth the chute 
bottom than coal particles of roughly cubical shape. The combined effect of 
these differences is that coal particles in passing down a ^ute wU acquire 
higher velocities than slate particles accompanying them. The fact that coal 
particles are more resilient than slate particles may be utibsed to accentuate 
their differences in velocity by taking advantage of the tendency of the coal 
particles to roll and to bounce under conditions for which the slate simply 
slides. The Emery slate picker and the Pardee spiral, in the following para¬ 
graphs, are illustrative of these types of mechanical pickers. 

Another group of mechanical pickers, fi^uently designated as flat pici^rs, 
separate coal and slate on the basis of the differences in particle shapes. Flat 
pieces of slate are removed from the coal through slots or traps of various types 
which wiU not allow roughly cubical particles of coal to pass thi^ough. 

Mechanical pickers are fairly common in anthracite breakers, especially for 
egg, stove, and nut sizes. Bituminous coal, in general, has not been found so 
amenable to cleaning in this way except in a few instances. 

It should be noted that these devices are most suitable for sized feed; hence 
separate pickers are used for each primary aze of coal made. 

Tkt Emery BUiU Picker .—Figure 247 shows a side elevation of this device. 
It consists of four inclined troughs, 1, 2, 3, and 4, supported so that the material 
fed at the upper end of the first trou^ will pass by gravity through all four 
troughs in series. At the upper end of each trough is a screen 5 which serves to 
remove the dust; following tUs is a metal plate 6 and a plate of slate 7. At the 
end of each trough is an opening which deUvers to the next trough, this opening 
being followed by an overebute 8, delivering into a coal pocket. Slate and 
bony coal pieces are retarded sufficiently by the stone plate 7 that they drop 
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through the opening, whereas the coal pieces are retarded to a lesser extent and 
have enough momentum to jump the opening and pass down the ovcrchute 
8, wmch dehvers the clean coal. The refuse is finally dischareed from the 
opemng m the bottom trough. 

oo ^^5 troughs 1, 2, and 3 are supported by the pivots 21, 

iz, and J3. This enables the slopes of the first three troughs to be varied by 
turning the wheel 15 which controls the slopes through the crank 16 and the 
senes of levers shown on the side of the troughs. The slopes of the slate plates 
7 are also adjustable by means of levers 17,18,19, and 20. The widths of the 
gaps are regulated by Icvera 11, 12, 13, and 14. When all the adjustments 
are properly made, this picker will make a gradual separation in four stages, 
j ®^h stage, so that the particles finally discharged as refuse 
will have bad four opportunities to jump over gaps. Those gaps should be 



adjusted successively narrower from top to bottom so that the purest coal will 
be removed in the first overchute, and the lowest gra4de from the ovcrchute on 
the last trough. 

The principle of the Emery picker, that of pas^ng the raw coal down an 
inclined surface and over slots or gaps narrow enough that the coal jumps over 
but wide enough that the slower moving slate falls through, is the basis of a 
number of different designs of pickers. 

The Pardee Spiral Separator .—This slate picker is shown in Fig. 248. There 
are three separating surfaces in the form of the chutes which are called 
‘‘slate jackets.’’ A fourth and larger spiral G collects the pure coal product 
and is c ailed the ‘ ‘ coal j ac ket. ’ ’ The Icngt h of the central shaft in the sep arator 
shown in the figure is 10 feet. The raw coal to be separated, consisting of co^, 
slate, and bone, is fed into the delivery chutes A, B, and C by a feeding arrange¬ 
ment which delivers one-third of the feed to each. The coal in pas^ng down 
the spirals slides more easily than the slate and attains a greater velocity. The 
flanges D on the upper ends of the slate jackets prevent any pieces from falling 
over the sides of the chutes until the cosd, bone, and slate have adjusted them¬ 
selves to their respective positions on the separating surface, as described in 
the following. In traver^og the spiral path, the centrifugal acceleration of 
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PAal nartirles is greater than that of the slower moving slate particles, 
slate Darticles is insufficient to carry them up to the edges of, the slate 

lla^facke'Sli^ ^htKS ^11 

coal will discharge nearer the ouUr edge of the slate jac^t. 
deliver this bony material while the slate is discharged separately over the 
dfvision plates H. Cleaned coal is finaUy deUvered from the lower end of the 
coal jacket at X. 

The downward inclination of the 
spiral plates toward the central pillar 
and the pitch of the spiral are the 
important variables in its construc¬ 
tion. These factors will depend on 
the properties of the coal to be 
separated. For example, a pitch of 
2S inches may be employed for an 
anthracite coal, whereas for bitumi¬ 
nous cool a pitch of 36 inchw may 
be necessary. Once the spiral is 
erected, only relatively small varia^ 
tions in the inclination of the spirals 
may be made. The width of the 
separating spirals varies according to 
the slse of coal for which the separator 
is intended, the jackets being nar¬ 
rower for fine sixes than for coarse 
sizes. 

Careful attention to operating 
details is necessary for successful 
operations of spiral separators. Best 
results are obtained with closely sized 
feed to each spiral, uniform feeding 
with no overloading, and uniformly 
low moisture content of the feed. 

Sizes between about f and 4 inches _ 

are best suited for fera. Capacities p>,c. 248 .—PsHm spini ftotbrAcju 0 »pftrator. 
vary from 6 tons per hour for sizes 
under 1 inch to 12 tons per hour for the coarsest aze. 

Flat Pickers .—A variety of separators of this type have been used, but it 
will hardly be worth while to describe more than one or two, because they are 
all generally similar in principle. They involve essentially the use of slotted 
openings which will pass flats only, and in addition their design provides for 
presentation of the flats to the openings in such an orientation that they are 
readily passed through. Flat pickers are usually installed as a part or con¬ 
tinuation of the deck of a sbakii^ screen, the shaking motion being utilized for 
mnv ing the coal across the picker and for aiding the separation in other ways. 

Figure 249 shows a transverse section of one very simple arrangement 
using angle irons. The angle irons are mounted to leave the slots A in between, 
for passage of the flats. Goal is conveyed in the direction of the length of the 
picker, perpendicular to the plane of the view in Fig. 249, by the shaking 
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motion. Flats are tipped up by the angle irons and drop through the slots A 
whereas the coal cannot pass through the slots and is carried to the end of the 
picker. 

Another type of shaking flat picker is shown in Fig. 250. Large triangular 
openings in the plate are covered by plates set at the proper distance above 
them to allow only thin pieces to pass into the openings. The plate in the 
figure has three row's of this type of trap, with a row of rectangular type of trap 
in between each pair of rows of triangular openings. The rectangular traps arc 
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made simply by cutting the plate and bending the flap downward Just far 
enough that flats trill pass through the slot formed. 


Mechakical Cleaning 

Many mechanical methods for cleaning coal have been developed and 
successfully applied in the preparation of both anthracite and bituminous 
coals. Obviously it is impossible to describe all of them in this brief chapter, 
or to go into complete details about those that are described. However, the 
material included w ill cover the t'arious important principles in cleaning, brief 
descriptions of typical apparatus in general use, and the fields of application 
of the I'arious typos of machines. 

Coal-cleaning methods may be classified as follows: 

Wet waj^hing: 

Washers using heavy-den.'^ity media. 

Ascending-current w'ashers. 

I^aundor w'a.shers; Rheolaveur washers. 

Jigs. 

Tables. 

Nongravity methods; froth flotation; Trent process. 

Dry cleaning: 

Pneumatic tables. 

Pneumatic jigs. 

Air-sand process. 

Miseollancous. 
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0 some degree on the preference of the engineer 

hination of wet washing for the coarser sl*es, over f >ncn. ^ 

forthrfines und“ ♦ .* ch, has been advocated by ^me engmocrs. and m 
actu 5 operation this system has been found to combine m some degree th 
r#»anective advantages of the two types of preparation. 

’prom a theoretical standpoint gravity separation in water has a epns'^ 

able advantage over gravity separation by 3 ^ an^blne^^of 

a tpnaration is intended between coal of specific gravity l.di> ana none oi 
sp^ffic gravity 1.50, the ratio of the apparent specific gravities in air separa¬ 
tion is practically «"• ^ ^ 

... . 1.50 - 1 

giblc. However, in water the ratio of the apparent specific gravities is j 35 
or 1 43 to 1. The larger ratio is, of course, somewhat more favorable to a 

good separation with less close siwng. This comparative disadvant«e of 

dry cleaning may be greatly offset by careful ^justment and 

dry process, but nevertheless wet washing is probably more effective and 

emcient in cleaning difficult coals. a j . j u 

When wet wa^iing is used, the cleaned coal must be dewatered before 
delivery to the consumer. Coal sises above i or | inch with low percentages 
of fines are quite satisfactorily and cheapiv dei^tered by draining, but finer 
sises below this limit become increasingly difficult and more expensive to 
dewater. On the other hand, dry cleaning yields a cleaned coal requiring no 

further treatment before marketing. _ i 

Fine coal in wet washers also brings up another problem, n*n«ly, pat ol 
water clarification and its implications in the washing process. . Ihc lines or 
sludge tend to be carried with the water, and, if not removed during the water 
circulation cycle, they increase the density of the water to such an extent 
that washing becomes more difficult. Fine clay and refuse m the water are 
just as bad as fine coal and in many respecU worse. The recovery of the coal 
fines in a marketable form from this sludge is also to be considered as an impor¬ 
tant part of the problem. ^ * 

Dry-cleaning machines do not function efficiently on coal carrying an 
appreciable amount of moisture. Some plants have adopted heat drying to 
got around this difficulty, but in many cases this remedy may be too expensive. 
Since air is lighter and flows more readily than water, the velocity and volume 
of air required to give mobility to particles in a jig bed arc greater than with 
water- This becomes more pronounced as the material becomes progressively 
coarser Air therefore finds its best field on fine sises although some air jigs 
are reported to handle feed up to 3 or 4 inches. WhUe dry cleaning elimmates 
the sludge difficulty, it introduces another problem, that of dust, which calls 
for the use of apparatus for dedusting and for dust control and collection. 

Sizes of Coal Cleaned Mechanically.— Mechanical cleaning proc¬ 
esses are generally used for rizes up to 4 or fi inches, as above these limits 
hand piclang is more satisfactory and economical. Wet-washing processes 
are used for all sizes up to these limits. Dry-cleaning processes may be used 
for sizes up to 3 or 4 inches, but their usual field appears to be chiefly in the 
lower end of this range up to between i- and li-inch size. 
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WET WASH EES tJSlKQ HEAVY'DENStTY MEDIA 

The separation occurring in washers using either suspensions or solutions 
of high specific gravity closely approaches a true gravity separation. The 
raw coal is introduced into a suspension or a solution whose specific gravity has 
been adjusted so that the coal will float at the surface whereas the refuse will 
sink to the bottom. The separation obtained in this way approaolios very 
closely that obtwned in laboratory float-and-sink tests. Accordingly by 
adjustment of the density of the separating medium, heavy-density processes 
of cleaning wll give the highest possible yields of cleaned coal for any given ash 
content, as indicated by laboratory standards. Also, if desirable, the density 
may be adjusted so that only the purest coal of lowest specific gravity Is 
floated. These characteristics make hoavy-denaty processes most attractive 
for washing coals with high percentages of material of intermediate grade and 
specific gravity for which satisfactory separations arc difficult by other proc¬ 
esses, as well as for the production of high^rade coals and special fuels. 
Also coals with high inherent-ash content requiring maximum removal of free 
impurities may frequently be most satisfactorily prepared in this way, 

Ore-dressing processes corresponding to the heavy-fluid or heavy-Hu.sncnsion 
processes used for cleaning coal have not until recently been successful in com¬ 
mercial operation, owing to the relatively high densities which arc required 
for separating metallic minerals. Sufficiently high densities for ores can only 
be obtained with expensive chemicals or with suspensions of heavy minerals, 
and the practical difficulties with these have been rather formidable. Appli¬ 
cations to ores have already been discussed under Heavy Liquids and Heavy- 
density Media in Chapter XIV, However, cheaper heavy liquids and cheaper 
solids for suspension arc available for the relatively low specific gravities needed 
for coal, and thus their application as a commercial process for the separation of 
coal constituents becomes economical and practical. The Chance process, for 
example, uses suspensions of ordinary silica sand for separations at specific 
gravities between 1.25 and l.S. 

The Chance Process. —The Chance gravity-separation process is out¬ 
standing in this group. It has been installed extensively in anthracite prep¬ 
aration plants, both in new plants and in old plants replacing jigs and other 
washers, and, although a relatively new process, is now apparently the favored 
process for anthracite preparation. Several Chance plants arc also giving 
good results in cleaning bituminous coals. The sisc range of effective cleaning 
by the Chance process is from iV 6 inches. 

The heavy separating medium used is a suspen^on of sand and water, this 
suspension being maintained in a conical tank by an upward water current and 
mechanical agitation. Sand is added to the tank continuously in the form of 
a thick pulp to keep the level of the suspension up to the level of the overflow 
lip at the top of the cone. Thus the clean coal floating on the suspension over¬ 
flows constantly, carrying with it a certain amount of the sand suspension. 
This ovcrflo\ving sand is recovered in the accessory apparatus and returned to 
the cone, to complete the sand cycle. The amount of sand in suspension in 
the cone at any given time, and hence the specific gravity of the suspension, 
depends directly on the velocity of the upward water current in the cone. Low 
water velocities give thick suspensions of high density; high water velocities 
give more dilute suspensions of lower densities. Thus regulation of the water 
velocity is the means by which the operator is able to adjust the cone to make 
a separation at any desired specific gravity. 

Comperison of the Chance Process and Hindered^setiling Ascending^current 
Washers. —Although the separation in a Chance cone is commonly regarded as 
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callv^the cone mAy be considered as ahindered-settlmg classifier, and form 
X derived previLsly (see page 136) (or ca culating htndered.setUmg relat*^ 
be applied, as carried out m the following. According to Rattingers 

formula, 


V * C\/D{$ - L) 


( 1 ) 


^here V * the settling velodty. 

C « a constant. 

D » the particle diameter. 

S s the specific gravity of the particle- 

I m the specific gravity of the fluid medium m which settling takes 

If we have^wo equal-settling particles, A and B, of different specific grav¬ 
ities and if we let Va and Vm denote their settling velociUes, 

- i) "Va-Vm^ (7\/D.(«# - L) (2) 


From this 
Therefore, 


Da^^a — L ) “ Db(Bii — L) 

Da L 

K ^4 — Ir 


<3) 

(4) 


in which ^ is the ratio of diameters of the two equal-settling particles A and B- 

Thc hindered-scttling column in the Chance cone may be assumed to con¬ 
tain the following: (1) the silica sand, closely sised and aver^ng about 0.3 
millimeter in sise, specific gravity 2.65; (2) coal particles ranging from 1^5 
millimeters, or about ^ inch, to 6 inches in sise. specific gravity 1.3 to 1.5, 
assuming 1.5 to be the desired specific gravity of separation; and (3) refuse parti¬ 
cles ranging from 1.6 millimeters to 6 inches in sise, specific gravity 1.5 to 2.5. 
The rising water current in the cone is adjusted to give a suspension density of 
1.5, corresponding to the desired point of separation- If we a^ume that equi¬ 
librium is maintwned with respect to the sand in the cone, the nsing current will 
be roughly equivalent to the average settling velocity of the sand grains in 
stable suspension, and the formulas in the last paragraph may be used to os¬ 
culate the diameters of coal and refuse particles of different specific gravities 
which will just rise or just fall in the hindered-settling sone. That is, if Ds 
and h represent, respectively, the diameter and specific gravity of the sand 
particles and if D and 5 represent, respectively, the diameter and specific grav¬ 
ity of either the coal or refuse particle which will Just stay in suspension with 
the sand particles, then from equation (4) 


and 


^ ^ ^8- L 
Db 6 - L 

DtUs - L) 0.3(2 65 - 1.5) 0.345 

i - L S - 1-5 S - 1.6 


( 5 ) 
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If the density is maintwned at 1.6, it is at once apparent that all particles 
of specific gravity less than 1.6 will float, irrespective of hindered-settUng con¬ 
ditions. On the other hand, It is not true that all particles of specific gravity 
greater than 1.5 will sink, as would occur in an ide^ gravity separation. For 
example, ^ we take a particle of coal or refuse of specific gravity 1.61 and sub¬ 
stitute this value for S in previous equation (5), we get a value for D of 34.5 
rmliimeters, which means that all particles smaller than 34.5 millimeters will 
rise. For particles of 1,55 specific gravity D becomes 6.9 millimeters, and all 

E articles finer than 6.9 millimeters will rise. For 1.60 specific gravity Z> 
ecomes 3.45 millimeters and so on. 

By carrying this line of reasoning further and applying it to the operation 
of a Chance cone used to cleam all sises of anthracite from egg to buckwheat 



No. 4, inclusive, the theoretical average gravity of separation for each trade 
size may be calculated using equation (5). If, as in the previous paragraph, 
the suspension gravity wore maintained at 1.50, the following would be the 
average calculated gravities of separation: egg, 1.505; stove, 1.507; chestnut, 
1.51; pea, 1.52; buckwheat, 1.53; rice, 1.56; barley, 1.60; and buckwheat No. 
4, 1.68. Although these figures must of necessity be considered as purely 
theoretical and as based on certain arbitrary assumptions, nevertheless they 
give a good qualitative indication of the fact that in a Chance cone, In the final 
analysis, particle size must be considered as a secondary factor influencing the 
separation to some extent. As will be noted later, it has been found desir¬ 
able in practice to separate the domestic sizes, to pea, inclusive, from the 
finer steam sizes and treat them in two separate cones, and this may be due in 
part to the size relations brought out in the foregoing theoretical discussion. 

To summarize, the difference between the Chance separation and the sepa¬ 
ration obtained in a bindered-settling washer such as the Hydrotator, the 
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Hydroseparator, or the Menaies cone separator, all three of 

d^cribed in the next section, may be considered largely one of degree rather 

than of kind and consists mainly in the fact that a higher density 

cation is maintained in the Chance process by the addition of sand. It shoula 

be noted, however, that the hindcred-settling washers mentioned wso provide 

for increased density to some extent by allowing the fines to build up in tno 

circulating-water system. _ . -n * . j 

Ooeration of the Chance Procese.—The Chance process is illustrated dia- 
erammatically in Fig. 251. Raw coal, from which the fines have been romovod 

bv screening (ordinarily minus ^inch material is removed), is fed with a 

st^am of water into the top of the cone at one side by means of the chute A. 
The clean coal, being lighter than the suspension in the cone, floats at the sun ace 
and, owing to the rotation induced in the cone by stiirer B, gradually nio\'C8 
around to the discharge chute C, where it overflows with water and sand- 1 he 
water required for agitation and mmntenance of the suspension is introduce 
at various levels in the cone itself through the pipes D. In the diagram only 
one pipe is shown for simplicity at each level, whereas actually there are at 
each level a number of spray pipes projccHng from a common bustle pipe mio 
the cone at uniform intervals about the circumference. Wa^r is introduced 
also into the classifying column E by means of the pipe F. The density ol the 
suspension in the cone is controlled by means of the four valves for these four 
pipes. Refuse material sinks into the classifying column E, m which the 
upward water velocity is relatively high and separates a good part of the sand 
from the refuse. The refuse is allowed to collect in the bottom of the classify¬ 
ing column and is periodically discharged into the water-filled refuse chamber 
0 by opening the air-operated slide valve //. When the valve // is again closed, 
the mixture of refuse, sand, and water is discharged from this chamber by open¬ 
ing the lower slide valve /. The refusc-dischaigc cycle is completed by closing 
this valve and refilling the chamber G with water through the pipe J. 

The mixture of clean coal, sand, and water overflowing the cone passes to a 
deaanding and dewatering screen. The clean coal passes over this screen, and 
the sand and water plus a certain amount of fine coal not removed in the pre¬ 
liminary screening, or resulting from degradation, pass through the screen to 
the sand sump K. A clean water spray is used to insure complete desanding 
of the coal. The refuse is desanded and dewatered in a similar manner. 

Sand and water from the clean coal and the refuse desanding screens are 
introduced near the bottom of the conical sand-settling sump K by means of 
the central standpipe. This sand cone is sufficiently large in diameter that 
only clear water overflows the top rim and passes to the dear-water supply 
tank. The sand settles to the bottom of the cone in a concentrated pulp which 
is continuously returned to the separating cone by means of the sand pump L. 

Densities between 1.6 and J,8 are maintdned in cleaning anthracite, 
whereas lower densities, 1.3 to 1.5, are used for bituminous coal. The dimen¬ 
sions, general design, and operating features of the cones are therefore slightly 
different for the two types of coal to obtain most satisfactory operation in each 
range of conditions. 

It is not necessary to sise the feed to the Chance cone, except possibly to 
eliminate the fines, but anthracite operators have favored the practice of using 
two cones, one for the domestic sizes, egg to pea, inclusive, and the other for the 
steam sizes, buckwheat, rice, and b^ey. The two cones usually differ in 
size and design somewhat, a rectangular-topped cone being common for 
cleaning the steam sizes. 

Any uniformly sized quartz or silica sand may be used; sea or river sand 
a nd crushed sandstone are some of the materials which have been used. A 
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Hand with a high percentage through 40 mesh and on 60 mesh and miniraum 
percentages of 30-mcsh oversise and 80-mesh undersize has been found most 
suitable. Sand losses amount to about 6 pounds per long ton of antliracite 
coal washed, or to about If pound per net ton of bituminous coal washed. 
The lower loss in washing bituminous coal corresponds to the lower density of 
separation and the smaller quantity of sand required to maintain it. 

Several sizes of cones are in use, from Tf to 15 feet in diameter. The 
capacity depends on the nature of the coal being washed, but it will vary from 
about 70 tons per hour for the smaller size to about 300 tons i>er hour for the 
largest size. 

Other Heavy-phtid Processes.—A number of other processes ol heavy- 
fluid separation have been invented and used to a rather limited extent for 
coal washing. The principles of the better known among these are summa¬ 
rized briefly in the following. 

The Lceeing process was the earliest attempted process for the commercial 
cleaning of coal using the heavy-fluid principle. The separating medium 
consists of a saturated solution of calcium chloride, having a specific gravity 
of 1.4. The results obtained are practically couivalont to the theoretical 

t ) 08 sib[iities shown by fioat-and-sink tests, but the high working costs caused by 
OSS of calcium chloride have restricted its application. A modern form of 
chloride washer has been introduced recently for production of special high- 
grade fuels, and a few small plants are using it for preparation of nut and stove 
sizes of bituminous coal. 

The Conklin process makes use of a heavy suspension of fine magnetite 
(minus 200 mesh) and water. No mechanical agitation or rising water cur¬ 
rents are necessary to mountain the suspension, owing to the fineness of the 
magnetite. The bulk of the magnetite removed with the cleaned coal and 
refuse is recovered by means of a Dorr classifier and a Dorr thickener in scries, 
the magnetite overflowing the claswfier and entering the thickener, which 
recovers a high specific-gravity pulp as underflow. This process has not been 
developed beyond the experimental stage. 

The deVooye procae makes use of a heavy suspension of very finely ground 
barite and clay in water, which may be maintained in a stable state over the 
range of densities 1.25 to 1.65 without provisions for agitation. When diluted 
with water, this suspension will settle fairly readily to practically its original 
density, as determined by the relative amounts of clay and barite used. Thus 
by using a Dorr thickener, closed-circuit operation for both wash water and 
heavy pulp is practical and economical. This process w'as developed for 
cleaning German anthracite and ha.s been found successful in at least one 
large-scale plant in Germany. The loss of barite has been reduced to only 8 
pounds per ton of coal treated. An interesting feature in its application is the 
use of froth flotation for recovering fine coal slimes and dust from the barite- 
clay pulp. 

The iVuenech process is similar to the Chance process in that a pulp of solids 
and water is used in a cone equipped with a stirring device. However, instead 
of using sand, the natural fine clay and slate from the coal are mixed with water 
to make the heavy medium. The Wuensch process differs from the Chance 
process in other details also, as in the manner of addition of heavy mud, and in 
the method of refuse discharge. This process is being used successfully in a 
Kansas coal plant. 

A8CEKD1NG-CURRENT WASHERS 

Free- and blndered-seitUng classifiers as used in ore dressing are not con¬ 
sidered to be concentrating or separating machines, but in coal washing 
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ascending-current classifiers of both types, under proper conditions,^ be 

Sf.dSg”u‘S. S'ei'r Wh «?h;sr.“f btomtoou. p,«ace, 

principles bemg ^ready familiar to the ore-drc^jng 
student as principles of classification- The Jeffrey-Robinson cone is a 
of this type which has been in use for many years. 

Theoretically the feed to ascending-current w^hers 
at IcMt >vithiii the limits determined by the settling ratio of 
constituents whose separation is desired. The basis . nroccss* 

ratio has already been discussed in the section dealing with the Chance 
The density of the separating medium, or L in equation (4) ^^4®^ 
process, is lower than in the Chance process, but in modern 
washer^ it U maintained well above the density of pure '^atcr either by allow 
i^g fine solids to accumulate in the water, by inducing hindered settling 
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accordi^ to the constriction principle, or, more frequently, by both effects 

cornbm Menries Hydroseparator, and the Menzies Cone 

Separator are three of the better known washers of this ^foup which are 
successfully used in the United States, and these will be desenbed m following 

sections. . , ^ 

The Hydrotator.— The essential apparatus for the Hydrotator process 
is shown in Fig. 252. The separating tank containing the agitator is circular 
with bottom sloping toward a central dischai^ opening leading into the housing 
of the inclined drag-belt conveyor. Water from the circulating pump passes 
through a check valve and enters the agitator from below. The agitator is 
in the form of an inverted lawn sprinkler with rix radial arms. Each arm h^ 
jets pointing downward at an angle of about 45 degrees, and the agitator is 
slow^ revolved by the reaction effect of the jets. These jets keep the pulp 
in constant agitation and also supply a rising current. The raw coal feed 
enters at the top through a central feed well. Separation involves two fac¬ 
tors: (1) the rising water and (2) the floating effect of the pulp bed in the tank, 
which acts similarly to the sand suspension in the Chance process. The result 
is that the coarse heavy slate and refuse particles sink down through the pulp 
bed and out the bottom, to be removed by the inclined conveyor, while the 
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cleaned coal floats and overflows into the peripheral launder and goes thence 
to the dewatering screen. Water with fine coal and slate passes through the 
screen into the sump below and is recirculated by the pump, any excess over¬ 
flowing the top of the sump at the left. 

The density of the circulating water depends largely on the size of openings 
in the dewatering screen, as all fine coal and refuse which rise in the separat¬ 
ing tank and are able to pass the screen openings tend to concentrate in the 
system r^e the denrity of the circulating water. This provision for 
increased density of the circulating water, as mentioned previously, favors the 
separation of co^ and refuse and is an important feature of the process. 

Cle^ water is introduced into the housing of the drag-belt conveyor as 
shown, flows down inside this bousing, and forms a rising current in the bottom 
discharge pipe of the main tank. The amount of water is regulated by the 
automatic float control. If the amount of slate and solids in the main tank 
increases, the density of the tank contents increases correspondingly. This 
retards the rising current so that water backs up in the conveyor housing 
and lifts the float, which, in turn, throttles the water inlet valve. As the flow 
of rising water is thus reduced, slate and refuse discharge faster, a condition 
which continues until the density is reduced and the float descends and opens 
the inlet valve wider again. 

Anthracite silt (0 to A inch), barley (A to A inch), or rice (A to A inch) 
is satisfactorily cleaned by the process describe. If a larger range of sizes 
up to 4 inch is treated, a more complex system is necessary, introducing the 
feed in one unit, followed by intermediate screening and recleaning in succeeding 
units. Hydrotators are primarily adapted to sizes under 1 inch and have 
found their most important use in cleaning the fine anthracite sizes. Various 
tank sizes arc available to suit individual plant requirements. A fi-foot tank 
has a capacitv of from 15 to 25 tons of cleaned coal per hour. 

Slight modifications in tank design and dimensions and in the arrangement of 
accessory apparatus make it possible to use the Hydrotator for other purposes 
than an ascending-current w*ashing. Hydrotator tanks have been used for 
froth flotation of coal and also for thickening purposes. 

Tre Menzies HYnR 06 EPAR.\T 0 R.—Tbls form of ascending-current washer 
is shown in Fig. 253. Raw coal enters by a feed gate into the separating com¬ 
partment with a sloping screen bottom. There it encounters a rising water 
current from the circulating pump, the flow up through the screen being 
adjusted as desired by a regulating valve. The heavy refuse settles to the 
screen and then passes out under the adjustable refuse gate into the subsidiary 
compartment, from which it is removed and partially drained by the inclined 
refuse drag conveyor. The lighter coal particles are carried up over the end 
of the separating compartment and slide down the incline to the dewatering 
screens. The screens discharge the clean coal and deliver water and screen 
undersize into the water-storage sump beneath. Excess water overflows from 
this sump. Slurry settles out and is periodically removed through the slush 
valves. Slush valves are also provided for the pump line and the conveyor 
housing. A float in the refuse-conveyor housing automatically operates 
the emergency refuse release which increases the flow of refuse through the 
discharge gate. 

Hydroseparators are made in single-, double-, and triple-celi units, each unit 
for handling one uniform size of feed. Other S 3 ^tcnis are also possible in 
multiccii units; for example, the priroap^ cells may be fed with unsized 
food, the priraaiy refuse being re-treated in secondary cells and the fine sizes 
being screened from the primary cleaned coal product for further treatment 
by other meaiLS, such as classification and tabling. Tbe presence of fines in 
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the feed acts similarly as in the Hyd rotator process in producing better hin- 
dered“Se tiling conditions. 

Units are built for handling all sizes of coal bclw'een i and 4 inches. These 
are used extensively for preparation of both anthracite and bituminous coals, 
usually in conjunction with other processes. The units are small, light, and 
compact, and a cell with a screen 16} by 24 inches has a capacity of 15 to 30 
tons per hour. 

Cone Separator. —This separator is illustrated in Fig. 
254, In^much as the auxiliary equipment is generally similar to that 
described for the Hydroseparator, only the separating cone and its operation 
need bo described here. 

Coal is introduced through the feed well in the cone. Cleaned coal over¬ 
flows the periphepr of the cone to the dewatering and sizing screens, which in 
^13 case are shaking screens. The water drainings are settled and recirculated. 
Refuse falls to the bottom of the cone and out through the refuse gate, which 
IS fully opened at all times during the operation of the cone, into the refuse 
drag conveyor. The refuse conveyor extends above the top of the cone and is 
filled with water to a height corresponding to the position of the adjustable 
overflow weir. The cone is equipped with a mechanical stirrer. Water is 
pumped from the pump sump into the cone through the nozzles, the flow into 
each set of nozzles being separately adjustable by means of the regulating 
valves. Water is also pumped through the control ^'alve into the refuse con¬ 
veyor to maintain the level at the height determined by the flow over the weir 
and the flow from the conveyor compartment through the refuse discharge 
opening into the bottom of the cone. This arrangement of the water supplied 
to the conveyor compartment makes the separator automatic in operation. 
For example, when refuse accumulates in tnc bottom of the cone, greater 
resistance is offered to the upward flow of water, the water level in the con¬ 
veyor compartment rises, and the flow of water from this compartment over 
the weir increases. The total flow into the conveyor remans constant; 
hence the upwaid current into the cone is decreased by accumulation of refuse, 
and the refuse is allowed to fall. In this way equilibrium is automatically 
maintained with the most favorable depth of the refuse bed in the cone at all 
times, regardless of any variations which may occur in the percentage of refuse 
in the raw coal. 

Under average conditions the capacity of this separator is 1 ton per hour 
per square foot area of the top of the cone. A 6-foot cone is capable of washing 
about 28 tons of coal per hour; an S-foot cone about 50 tons per hour. 

Menzies Cone separators have been installed in a number of anthracite 
cleaning plants since their recent introduction and possibly may be used for 
bituminous coals in the future. Domestic sizes of anthracite and steam 
sizes of anthracite are treated separately in two cones. At the anthracite 
breaker of the Sullivan-Trwl Coal Company the refuse from the domestic 
cone is jigged to give final coarse refuse and a middling product, which is 
crushed to pea and smaller and re-treated in the cones. 

LAUNDER washers; THE RREOLAVEUR PROCESS 

The earliest launder washer consisted of a long wooden trough divided by 
low cross-sectional dams at intervals along its length. Raw coal was fed in at 
the upper end of the trough in a stream of water. Most of the coal passed 
through the trough, and the refuse collected in the bottom behind the dams. 
The inclination of this sluice was made great enough that the water would pass 
through with sufficient velocity to separate the coal from the slate. Slate was 
removed from the trough at stated intervals by an attendant with a rake. 
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T flter forms had various automatic pro%'isionB for periodic or contmuoiM slate 
removal. These early forms of trough washers are simple, cheap» and fairly 
rnnvenient, but they are characterised by a very high water consumption. 
Also they possess two further marked disadvantages: (1) In order to produce 
A clean cotS, a high loss of coal is sustained in the waste, ^d (2) the effect of a 
flowing stream of water upon the material to be separated is so delicate and tne 
character of the raw coal so influences the washing that uniform results are 
obtained only with great difficulty. 

The Rheolaveur Process. —Although the Rheolaveur apparatus is some- 
xvhat similar in form to some of the earlier trough washere, several features 
are incorporated in its design that make it very different in operation. Ihe 
fundamental improvements embodied in the Rheolaveur are (1) in the method 
of inducing stratifleation of the particles in the bed of the launder, (2) m the 
method of removing dirt from the launder, and (3) in the provisions for 
recirculating middlings as regulating material. , . i- j 

The simple Rheolaveur trough consists of two parts, a snort steeply inclinea 
portion and a longer more gently inclined portion. Coal is fed into the steeper 
portion and the particles moving under the influence of gravity and the water 
c^urrent tend to acquire relatively high velocities. The particles stratify 
Quickly and completely under these conditions. When the less steeply 
inclined section is reached, the speed of the water current is lower, and the low¬ 
est layer of the bed, consisting of the heaviest particles in the original coal, is 
deposited. Further progressive deposition occurs along the length of the 
trough in the order: large dirt particles, small dirt and large middling particles, 
and small middlings. Stratification produced in this manner is more perfect 
than that in a simple trough washer, and few coal particles become entangled 
in the dirt layers as they are deposited. , 

Dirt and middlings are removed from the bottom of the trough without 
disturbing the stratification or flow of coal by means of Rheo boxes. The 
Rheo boxes arc attached to the trough immediately below an orifice or slotted 
opening across the tro\igh and perpendicular to the line of flow. There arc 
two or more of these boxes per trough, the number used depending upon the 
size and nature of the coal being wash<^ and on the separation desired, Also 
different types of Rheo boxes are used in different troughs end in different 
parts of the same trough. Two general designs of washer are standard: the 
sealed-discharge wa.«hcr for coal from 4 inches to A *Tich, and the free-dis- 
charge washer for fine coal from A to 48 mesh. 

The operation and general arrangement of the seaUd^^li^charge type of 
washer are illustrated in Fig. 255. The steeper portion of the trough may be 
from 15 to 20 feet long; the less steep portion from 30 to 40 feet long. Each 
Rheo box is attached to a housed elevator which maintmna the same water 
level as the launder; hence the name sealed discharge.’^ The nature of the 
stratification and other features already discussed should be clear in the 
figure. The first Rheo box discharges slate and high-ash middlings; the second 
Rheo box discharges lower-ash middlings with some coal; and the washed coal 
passes out the end of the launder. E^ntial parts of the Rheo boxes can be 
seen in the figure. It will be noted that each Rheo box is similar to a classifier 
pocket. Hydraulic water enters the first Rheo box at 6 to mwntain an upward 
current through the inclined screen above the trap in the discharge zone. 
Usually hydraulic water is not used in the second Rheo box. The flap gates a 
open 60 times per minute, allowing the heavy material to drop through and 
preventing blockage. An adjustable gate e is provided for regulating the dis¬ 
charge. The material discharged from the first Rheo box is carried up by the 
elevator and fed to a -^r-inch screen, which delivers coarse refuse to waste and 
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A~inch undersisef the latter being fed to the fioocoal or free-discharge washer. 
The middling prc^uct from the second Rheo box U also screened in the same 
way, and the -^inch oversize is returned to the head of the same launder for 
rewashing, the undersize passing to the fine^^coal washer, The washed coal 
product is likewise screened at A inch, and the undersize makes up the remain¬ 
der of the feed to the fine-coal washer. 

The process of returning middlings to the trough and allowing a relatively 
thick layer of intermediate particles to accumulate is an important feature in 
the operation of the Rheolaveur. There may be both coal and dirt particles 
in this layer, but there will be no dirt particles in the uppermost layers, which 
are removed as the cleaned coal product, and no coal particles in the lowest 
layers, which are removed as refuse. Thus it is by this system of middling 
recirculation that the Rheolaveur washer is able to produce a clean coal with 
low losses in the refuse. 

A single sealed^ischarge unit as described above is seldom used alone to 
complete the washing of coarse coal- More frequently, particularly when the 
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bone and middling contents of the raw coal arc high, it is customary to use a 
combination of two or three separate launders, similar in operation to the one 
described. The raw coal is fed into the main launder, which makes a final 
washed coal; the refuse product from this primary launder is rewashed in a 
secondary launder, which may mve, in addition to the final refuse, a second 
washed coal product to be added to that from the primary launder and also a 
middling or bone product suitable for crushing and recirculation. The Fidelity 
Rheolaveur plant, described near the end of this chapter, illustrates one such 
use of a re washing launder. The fiexibiiity of launder arrangement in the 
Rheolaveur system is a valuable feature, as it makes possible the adaptation of 
the process to meet the individual w'ashing requirements of all types of coal. 

The fret-disekarge w'asher for fine coal is somewhat more complex. Differ¬ 
ent forms of frcc-discharge Rheo boxes for this type of washer are shown in 
Fig. 256. In principle they are simply classifier pockets with free-running 
spigots, which have already been discussed in Chapter X. Hydraulic water 
may be used or not, as found necessary. The standard free-discharge plant 
consists of four superimposed launders arranged as indicated in Fig. 257 and 
each having numerous Rheo boxes as shown. Raw coal is fed into the first or 
upper trough, The heaviest particles are removed in the first few Rheo boxes 
and drop to the third trough, and the rest of the Rheo boxes in the first trough 
discharge the remainder of the dirt, middling particles, and a certmn amount 
of coal, this mixture being re-trented in the second trough. Washed coal 
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K the R^o boxes of the second trough, and it d^char^ a hnal refuse 



Flo. 2M.''VAhou* form* of frooHSiieborc* Rbeo bos««. 

higb-aah middlings from the third trough, dbcharging final refu« from all its 
Rheo boxes. The low-grade middlings, passing out tjje en^ of the 
troughs, are elevated and added to the original to the first trough, and they 
constitu tc the regul ating material. Ample flexibi lity for adaptati on to wash i ng 
different coals is provided by the number, arrangement, and adjustment of 

Capacity for a given coal Is determined by the width of the launder, and it 
will vary considerably between different coals. The capacity of a 14-jnch 



sealed-discharge launder is of the order of 40 to 50 tons per hour; that of a 
48*inch launder, 160 to 200 tons or more per hour. 

The Rheolaveur has a wide range of applicability to all types of coals as 
evidenced by its use in a considerable group of large plants in the bituminous 
fields and also in a number of plants preparing anthracite coal. 
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The Koppars BatUlU laur\dtr unit is a recent improved form of the 
Rheolaveur. 


J108 

A few years ago most of the output of mechanically cleaned coal was pre¬ 
pared by jig washing. The increased application of more recently developed 
processes ha^ resulted in a considerable displacement of jigs from their former 
predominating position, but nevertheless the percentage of the total output 
of cleaned coal which is prepared in jigs remains high and new jig installa¬ 
tions are common, many plants still using only a single jig. 

Coal jigs are not fundamentally different from jigs used in dressing ores 
but differ materially in dimensions and in details of design and operation. 
Jigs of the £bced*sieve or piston type, movable-sieve or pan type, and pulsator 
jigs are all represented in coal-washing practice, and an additional type, the 
Baum air-pulsation type, which is not used in ore concentration, makes up a 
fourth important group. Coal jigs frequently have only a single sieve or cell, 
and devices for draining and elevating the products may form integral parts 
of the jig unit. In coal plants jigs arc often called “jig boxes” or “jig washers, ” 

Sized feed is usually provided for jigs w*ashing anthracite coal Usually 
this is accomplished by screening the coal into the various trade sizes before 
washing, each size then passing to a separate jig box. Both pan- and piston- 
type jigs have been used in anthracite washing, and recently a few installations 
of the Baum type have been made. Anthracite sizes larger than egg and 
smaller than buckwheat No. 1 are seldom jigged, as other means of cleaning 
arc usually more suitable. ArtiBcial jig bods may be used in jigging the finer 
sizes, a feldspar bed, for example, having been used occasionally. 

Bituminous coal is not sized before jigging so extensively as anthracite, 
although in some cases relatively close sizing may be necessary, for example, 
in using Vissac pulsator jigs, Practice in regard to the nature of jig feed varies 
somewhat among different plants treating different coals. Where in one plant 
a single jig waslicr will treat unsized feed from 0 to 4 or 5 inches, another plant 
may find it more desirable to separate the coal into two fractions, feeding^ to 
5-inch coal to a coarsc-coal jig washer and 0- to {-inch coal to a fine-coal iig 
washer, Or else only the coarse coal may be jigged, and the fine coal may'be 
separated and prepared by a dry-cleaning process. All the four major types 
of jigs in the classification given above have been used for washing bituminous 
coal, but in recent installations the Baum type has been most popular, owing to 
its ability to handle a wide range of sizes as a virtually unsizea feed in single 
high-capacity units. In the folleaving sections brief descriptions will be given 
of one example of each of the four jig types; the Wilmot-Simplex being of the 
pan or movable-sieve type, the Elmore of the piston type, the Link-belt Simon- 
carves of the Baum type, and the Vissac of the pulsator type. The last three 
have fixed sieves. 

The Wii.mot-Simplex Jig. —The Simplex pan-type jig is shown in Fig. 258. 
Coal enters at the left through the feed chute a and passes under the adjustable 
baffle 5 into the jig pan. The pan is supported and oscillated by eccentrics c 
on both sides and guided by the bracket d. Automatic slate discha^e is 
accomplished by means of the mechanism: counterbalanced lever e, con¬ 
necting rod/, hinged slate gate g, and support k. When the slate bed exceeds 
a certain depth, determined by the position of the counterweight i, the pressure 
on the slate gate g will overbalance the counterweight, and the gate opens, 
allowing slate to discharge until the bed ag^ becomes light enough for the 
gate to close again. Cup and gate discharges are sometimes used in jig^ng 
smaller sizes of coal. Coal and refuse fall into separate conve 3 ^r pockets »de 
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by side and are elevated out to their respective discharge chutes, as shown. 
In this way a large part of the water with the products is drained back into the 
tank, and makeup water is added only to replace that carried out with the 
products. Rate of flow of material across the pan may be changed by me row¬ 
ing or decreasing the pan slope which is accomplished by loosening the guide 
bracket d and moving it backward or forward. 

The type D Simplex jig has a capacity of 20 to 40 tons per hour, depending 
on the quantity of refuse and the si sc of coal. A floor space 6 feet 2 inches 
wide by 12 feet long is required. The height of the jig is flj feet. About 8 to 
11 horsepower are required for operation. 

The Eluorb Jio.—T he Elmore “flOO-A” coal jig, shown m Figs. 259<i and 
2596, is a piston jig. The plunger is operated by two eccentrics and has attached 
to its top edge on two sides the rubber flap valves (4G), which open on the 



upstroke and close on the doTvnstroke of the plunger. Suction in the bod 
during the upstroke of the plunger is practically eliminated by the action of 
these flaps. The sieve or grate {13) extends across the w'hole width of the 
jig and is in two parts, the back half being practically horisontal and the front 
half being inclined slightly to facilitate refuse dischai^. Feed is added behind 
the baffle (37), and bed movement is across the jig instead of along its length as 
in ore jigs. Oak beams of triangular section (36) are placed beneath the food 
half of the sieve to obtain uniform distribution of the water current over the 
whole sieve area. The jig is filled with w*ater to the top of the dam plate (38), 
and the cleaned coal passes over this dam with water to the discharge plate 
(25). The discha^ plate is perforated, and excess water drains from the cool 
through to the plate (28) and is discharged separately. Refuse is disc hatred 
below the adjustable gate (39). The rate at which slate discharges is depend¬ 
ent on the rate of revolution of the star wheel (40), which is operated auto¬ 
matically as described in the next paragraph. 

A vertical cylinder (26), open at both ends and extending from 3 or 4 inches 
above the ji^ sieve to above the water level, is ri^dly supported from the side 
wall of the jig. A flat metal disk inside this cylinder is suspended from a 
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horiaontal lever aim on a horiaontal cros$ shaft which carries a second hori¬ 
zontal lever arm on which is an adjustable sliding counterweight. Coal and 
slate stratify inside the vertical cylinder, and the counterweight is adjusted so 
that the metal disk sinks through the coal layer and not into the heavier slate 
layer. It thus pulsates with the top of the slate bed. This metal disk float, 
through Its lever system, operates a pawl (8), actuating a ratchet wheel on 



shaft (11) which drives the star wheel refuse dischai^ (40). The pawl 
support (10) is constantly oscillated by a connection through (6), (5), and (22) 
to the main jig drive shaft (21), and the pawl itself is rdsed from, or lowered 
to, the ratchet wheel by the float mechMiism. When refuse accumulates, the 
float is moved up, and thereby the pawl is lowered to enga^ the ratchet and 
rotate the star wheel to discharge slate. When the refuse bed is at its lower 
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level the float is correspondingly lower, and the pawl is raised, disengaging the 
ratchet wheel and aUowing no discharge. The 

bv 8 feet runs up to 50 tons per hour on unsised feed ^ inches ^ 0. Water 
reauired is 700 gallons per minute. Power is 12 horsepower for the jig a^a l» 
horsepower for the water pump. The speed is 100 pulsations per minute, 
and tne length of stroke is about t inch for 1-inch feed, H to 2 inches for nut, 
2 to inches for egg, and 3 inches for very coarse feed. 

The Link-bei;t Sisjon-carves Jw.—T his jig is one of a number ol -oaum- 
type jigs which are rather extensively used for jigging bituminous coals. The 
Baum jigs resemble plunger jigs in general form but differ fundamentally in 



Fio. SSOd.—Link* htii Simon*earve» jig* 


that the water pulsations are produced by action of compressed mr in an 
enclosed space above the water in the back compartment of the wash box. 

Transverse and lon^tudinal sections of this jig are given in Figs. 260a 
and 260&. The washer shown in these views has five pulsator compartments. 
Each pulsator compartment is supplied with compressed air from the air 
receiver through a reciprocating valve C operated by an eccentric. The 
expansion chamber placed in the mr line just above each reciprocating valve 
is s^d to aid in producing the type of stroke considered most efficient. Air 
enters the jig box through the valve to make the pulsion stroke, and at the end 
of the pulsion stroke the valve has moved to shut off the air supply and to open 
an exit port from the jig box, thus allowii^ the return stroke to take place. 
The exit port is designed so that the release of the tur pressure occupies a longer 
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time interval than its production, and accordingly the velocity of the down¬ 
ward current through the jig bod is less than the velocity of the upward current 
during the pulsion stroke. The return or suction stroke is reduced further in 
effect by the addition of water at W. The strength of the pulsations depends 
on the volume of air admitted during each stroke. Valves are provided for 
separate adjustment of each compartment. The pulsion and return strokes 
and their relations to each other are essentially different from th<»e in mechan¬ 
ical jigs, and are more readily adjustable to obtain best results under different 
Jigging conditions. 

is fed at F, and the direction of travel of the coal is parallel to 
the division plate between the air and the sieve compartments. Cleaned coal 



Flo. 250b.~LiQk-belt Si moo-car vea jif. Lonfiludinol aactioo. 


finally passes over the overflow lip at N. The weve bed is divided into two 
parts by a cross partition, and refuse b discbai|;ed at each end of the jig as 
shown. Ordinarily it is considered desirable to mmnttdn a bed of heavier 
refuse in the first section than in the second, thus removing heavy slate and 
P3^tc first and leaving the second section of the bed for removing bone coal 
and other lighter refuse material more difficult to separate. Separate auto¬ 
matic controls arc provided for refuse discharge from the tw*o sections. These 
provisions, together with the control of the stroke in each compartment by 
the operator, make It possible to obtain a gradual and efficient separation of 
the coal and refuse during passage of the material along the length of the wash 
box. 

The star-wheel refuse discharges H and P are motivated by variable- 
speed electric motors. These motors are controlled by “electric-eye^^ mech¬ 
anisms E and M, respectively. As in the Elmore jig a float rests on the slate 
or refuse bed and is provided with a stem w hich has entire freedom for vertical 
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movemeat between ball-bearing guide rollers. When the refuse bed on the 
lie sieve is thin and the float is in its lower position, a vane on the float stem 
rests between a stationary light source and a photoelectnc ceU. As the refuse 
bed increases in depth, the float takes a higher position until the v^c no longer 
intercepte the light beam, and the beam falls on the photoelectnc cell, ibis 
cell then activates a relay mechanism which starts the refuse-discharge motor at 
low speed. If the refuse bed continues to increase in thickn^ after the motor 
has been started at slow speed, the float rises higher to admit another l^am of 
light to a second pbotorelay which connects the motor on its high-speed wind¬ 
ings, and the refuse is then drawn off faster. Decrease in depth of the refuse 
bed in turn slows the motor down and finally stops it. 

Elevators J and Q with perforated buckets remove and dewater the refuse 
discharged at each end of the jig. Material passing through the jig sieves 
settles to the bottom and is moved to the elevator boots by spiral conveyors 
L and S. 

Jigs of this type with from 3 to 6 pulsating compartments are used, the 
largest units with over 100 square feet of sieve area having capacities of 200 
to 260 tons of raw coal per hour under normal conditions. 



Th£ Vissac JiQ.—A diagram of the Vissac jig is given in Fig. 261. Us 
operation is similar to that of the Richards pulsator jig described in Chapter 
XI and should require little further explanation. The star refuse valve is con¬ 
trolled by a float mechanism. Inasmuch as this jig has no suction stroke, feed 
should be sized preferably between sise limits of ratio 2 to 1. For example, at 
the Talley dale preparation plant, Terre Haute, Indiana, the 8- to 6-inch egg, 
1^ to S-inch small to l^-inch nut, and }- to f-inch nut are each fed to 

separate Vissac jigs. 


CONCENTRATTKQ TABLES 

The chief disadvantage in using tables for coal washing is their low capacity, 
which is of the order of 5 to 20 tons per hour per table. However, in spite of 
their low capacity concentrating tables are used to a considerable extent for 
washing finer sizes of both anthracite and bituminous coals. The Deister, 
Wilfley, and Butchart tables and others arc common, and these are similar 
mechanically to the ore tables of the same names already described in Chapter 
XII. Sises from f or 4 inch down to about ^ or inch are cleaned by 
tabUng, although tables may be adapted for sizes up to inches if desired. 
As in tabling ores, classification of table feed technically represents the most 
efficient practice and also improves the capacity of a tabling plant. 
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PBOTH FLOTATION ANI» THE TRENT PROCESS 

TT Flotation. —Although of small commercial importance in the 

t^ted States at the present time, froth flotation of coal has received consider¬ 
able attention because of its application in European coal fields. The process 
w applicable to fine coal under and may he used for recovery of 

this size jf coal from low-grade material which would otherwise be discarded as 
waste. Other possible applications are for washing coal which is finely 
crushed in its norand preparation, as coking cojd, or for washing coal roouiring 
nne crushing for Uberation of impurities from the coal substance. Under 
present condition in the United States coal prepared by flotation is not suffi¬ 
ciently valuable m the face of competition with coal from other common sources 
to meet the installation and operating costs of a flotation plant, except under 
unusual circumstances. 

The technique of coal flotation has been discussed in Chapter XIII and 
requires no further comment here. 

The Trent Process. —This process has been used intermittently for coal 
preparation, mainly in connection with the production of special fuels or fuel 
brn^ettes. A separation of coal and refuse based on selective adhesion of oil 
to the coal is made by much the same technique as was used in the oil-agglom- 
oration procewes important in the early development of flotation (see Chapter 
XIII). A mixture of pulverised coal, minus mesh, and water is aptated 
vsith a petroleum oil or other suitable oil. The coal particles agglomerate 
with the oil to form the so-called Trent “amalgam,'’ and the ash-forming 
material or refuse remains suspended in the water and may 1^ washed away 
from the amalgam readily. Large quantities of oil are required, from 30 to 40 
per cent of the weight of the coal. The amalgam retwns some moisture, which 
may be reduced to about 5 per cent by kneading in a special machine. The 
final amalgam is in a suitable form for conversion into fuel briquettes. 

FNEWATIC TABLES 

Several types of diy-cleaning tables have been used in recent years, many 
of them consisting of improvements and modifications of the Sutton, Steele, 
and Steele table to meet the special requirements of coal cleaning. The Sutton, 
Steele, and Steele table has already been described in Chapter XIV. In oper¬ 
ation, air is blown continuously through a perforated and riffled sloping deck 
which is rapidly reciprocated. The combined action of the air through the 
deck and the deck motion gives a mobile bed which rapidly stratifies with the 
heavier refuse particles at the bottom and the lighter coal particles on top. 
The coal flows down the slope over the riffles while refuse is held between the 
riffles. The various tables in use differ munly in the shape of deck and in the 
provisions for separating and discharging the various products. 

Size and specific-gravity relations Im tween particles in different portions 
of the stratified bed on pneumatic tables differ somewhat from those obtedned 
on wet tables as a result of the difference in action between the vertically 
rising air current in dry tabling and the transverse, nearly horizontal flow of 
water in wet tabling. Whereas in a given sone on a wet table the average rise 
of particles of higher specific gravity is greater than the average size of lighter 
particles, the reverse is true on the dry table, and large light particles tend 
to occur with smaller heavier particles. Thus, whereas the action on a wet 
table favors the best cleaning of coarser sizes of coal and tends to give the 
smaller coal sizes contaminated with larger refuse sizes, the action on a dry 
table favors the production of coarse refuse free from coal and the various sizes 
of coal will each be associated with respectively smaller sizes of refuse. 
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To obtain good results in pneumatic tabling a number of f jctore should be 
carefully considered in the choice of a flow sheets particularly the following: 

(a) S.J.Type 

Feed 



*8 


Direction reclprocotibn ^ 

Fio. 262.—Deck ahtpee end riffiioc of throe drr tablee. 

1. Tht cfoseness of sizing necessary for the feed to a dry table will depend 
on the nature of the raw coal, the amount of cleaning desired, and to some 
extent on the type of table being used. In general, the more rigid the cleaning 
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CLEAN COAL 


MI0DUNC5 REFUSE 


RAW COAU 77^^ 
FEED Clean coal 


requirements are and the more difficult the cleaning problem is, the more 
closely the feed to a table should be siacd. It may be possible instep of 
siting before cleaning, to feed unsized coal to a primary table and re-treat the 
primary cleaned coal product by screening and secondary tabling of one or more 
of the finer sizes. Certain apparatus, the Pealc-Davis table, for example, are 
designed for unsized feed, but even with this tabic, more difficult cleaning 
problems require some size limitation in the feed. 

2. Feed should be low in mmslure conicrU, and, if the mined coal varies in 
its moisture content, drying equipment should be provided to insure a feed of 
uniformly low moisture content. 

^ below about should preferably be removed 

from the feed, os they are not improved in quality by tabling, and their presence 
usually interferes with the cleaning of the laiger sizes. 


4. Uniformity in both rale and quality of the feed are necessary for satis¬ 
factory results and should be adequately provided by proper feeders, surge 
bins, and other auxiliary equipment. 

Figures 262a, 2626, and 262c show various deck shapes of coal-cleaning 
tables, developed from the original Sutton, Steele, and Steele design. The 
shapes giv'en in the figures are known as the SJ, the F, and the V types, 
^especti^'cly. In operation, these shapes are designed for a quick separation 
and discharge of most of the clean coal, and a slower treatment and purifi¬ 
cation of the remainder spread out over a larger area. Banking bars are used 
to aid further in the cleaning, as is described later. The SJ table is an earlier 
type of coal table. The Y type is a subsequent improvement in the United 
States. The V type is another later development in England. In the Y 
type and the V type coal comes off both sides of the table. 

Figure 263 shows a lop view of the deck of the Y type of table in operation. 
At the feed end of the deck the riffles are inclined with respect to the longi¬ 
tudinal axis to direct the heavier refuse particles toward the center. Also the 
deck is concave in its transverse section near the feed end, the curvature chang- 


_MIDOLINCS ..R^USE 

Fjo. 203.—Separation of coal and rofuM on a K taUa. 
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ing gradually to become convex at the narrowest portion of the deck. As the 
bed moves from the feed end, refuse collects in the lower layers of the bed and 
tends to move toward the center of the table, whereas clean coal m the upper 
layers is allowed to spill over the edges of the table into the clean coal collec¬ 
tor, being practically squeezed out by the narrowing of the deck. This first 
portion of the deck thus accomplishes a primary cleaning, remox'ing the bulk of 
the clean coal particles. The parts of the deck making up the arms of the / 
serve to remove the remainder of the coal and to purify the refuse. The 
riffles in this part are parallel to the longitudinal axis of the table and tend to 
carry the refuse up against the banking bar at the end, where a refuse bank is 
formed. This refuse bank forces the coal and middlings toward the sides of the 
table. The nature of this action is shown in Fig. 263, as the refuse and mid¬ 
dlings may be distinguished by their difference in color. The central barrier 
shown at the junction of the two banking bars consists of tw'o air pipes which 
discharge air horizontally and outward through the bed and thus aid in forcing 
the coal to the sides. 

Clean coal is discharged along nearly the whole length on both sides of the 
table, the smallest coal particles discharging near the feed end and the largest 
coal particles discharging along the sides of the Y arms, with a rough size 
gradation from one end to the other. Refuse and middlings collect at the end 
of the Y arms as shown and are separated and dischai^d by adjustable cutters. 
It is difficult to make clean cuts at the refuse end, but this difficulty may be 
obviated to a large extent by recirculating an intermediate fraction. 

These tables are effective for cleaning all sizes of coal bet ween •jV and 4 
inches, but their major field appears to in the finer sizes up to ^ or f Inch, 
wet-washing methods being generally preferred for the larger sizes. Capacity 
per tabic varies with the size of the feed and Is about 30 to 40 tons per hour 
for i- to i-inch coal, or 60 to 70 tons per hour for to 2-inch coal. 

PNEUMATIC JlOP 

Titb Stump Air-plow Cleaner. —This machine makes use of stratifi¬ 
cation produced by pulsating air currents up through a bed of material resting 
on a stationary surface. It consists of an airtight metal box in which is 
situated a pervious deck, this deck consisting of a bed of marbles held between 
two screens. The deck supports the bed of coal and refuse and gives uniform 
distribution of air passing through. Air Is admitted to the space below this 
deck through a rotating shutter, which gives a pulsating air current through the 
deck to stratify the coal bod resting on tbe deck. Fe^ enters at one end and 
flows along the deck to tbe discharge end, which is provided with a horizontal 
cutter arrangement to separate the refuse, middling, and clcan-coal layers of 
the bed. Tbe refuse and middling products discharge thro\igh gates, which 
are made to open or to close with increase or decrease in the air pressure below 
the bed by means of a special automatic mechanism. Middlings may be dis¬ 
charged as a separate finished product, re-treated in a secondary cleaner, or 
recirculated with the original feed. 

Coal up to 3 inches in size has been successfully cleaned with the Stump 
cleaner. Sizing before cleaning is necessary; for example, with a 3-inch to 0 
raw coal, three units may be used handling the 3- to Hnch size, the f- to i-inch 
size, and the i-inch to 0 size, respectively. 

THE AIR-SAND PROCESS 

The air-sand process is analogous to the Chance process but uses a dry-sand 
separating medium which rests on the pervious sloping bottom of the separating 
box and is maintained in a fluid state by a continuous current of air flowing up 
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through it. Feed comes in at one end of the box and flows along with the 
sand. The fluid sand medium circulates through the separating boxes, desand- 
ing screens, and auxiliary equipment in a closed cycJc, with a small loss of 
perhaps 1 pound per ton of coal cleaned. As in the Chance process, the 
separation of coal and refuse may be considered as a simple heavy-fluid gravity 
separation, the coal being floated in the fluid medium and the refuse sinking to 
the bottom of the medium, the two layers coming off the discharge end as 
separate products. The specific gravity of the air-sand suspension b adjustc'd 
*0 give the desired grade of clean coal by simply regulating the volume of air 
SJpplied to the machine. An air-sand plant installed at Lundale, West 
Virpnia, us^ two three-compartment cleaning units, each unit consisting of a 
sandbox 12 feet wde by 10 feet long, divided into three compartments along its 
length. One unit cleans J- to IJ-inch coal, and the other unit cleans 1}- to 
3-incb coal. 


MISCELLANEOUS DRY-CLEANING PROCESSES 

Tbb classification chiefly includes dry processes in which wr currents are 
not used. The principles of separation utilised in dry cleaning wthout air 
currents have been summarised and examples of their practical use have been 
already sufficiently described in a previous section dealing with mechanical 
pickers. The Bradford breaker, described previously, may alim be considered 
as a dry-clcaning device coming under thb classification. 

EVALUATION OP CLEANING RESULTS: PLOAT-AND-81NK TESTS AlH) 

WASHABILITY CURVES 

It was brought out earlier in tbb chapter that coal impurities may exist in 
two forms, one of which from the standpoint of cleaning may be considered 
removable, and the other of which b nonremovable. It b self-evident that in 
evaluating the results of cleaning to determine its efficiency and to determine 
what adjustments must be made in the cleaning operations from time to time to 
obtain the most economic results, a method must be used which takes into 
account the fact that some of the impurities cannot be removed by any possible 
washing operation. Chemical analyses to determine the total amounts of each 
of the various impurities in the raw and finished coab are indicative of the 
improvements in coal quality effected by the cleaning but would be unsatb- 
factory guides for control of cleaning if they were used alone. 

The specific gravities of the common constituents of coal have been given in 
Table 101, and the relation between specific gravity and quality of these 
constituents has been discussed. If a raw run-of-mine coal or an intermediate 
or final product of cleaning, consbting of a mixture of particles of the various 
coal constituents of different compositions and specific gravities, is to be 
examined with the object of evaluating behavior in cleaning, a means of 
separating or sorting the particles themselves into fractions of different coal and 
impurity contents is necessary, Thb need b met by a specific-gravity analysb 
made by float-and-sink separations, in which the coal b divided into a number 
of fractions of different specific gravity. 

Float-ani>- 81 nk Tests. —The use of heavy liquids to make fioat-and-rink 
,ests on ores has been described in Chapter XVIII. Owing to the lower 
specific-gravity range in coal constituents, different liquids are used for coal 
than are used for ore testing. Moreover, it b desirable in testing coal to use a 
series of liquids covering the important gravity range of 1.30 or 1.35 to 1.70 or 
1.80 in increments of 0.1 or even 0.05 of a specific-gravity unit, although in 
dmly routine plant-control work testing at one or two gravities may be stand¬ 
ardized to give the necessary data to the operator. Aqueous solutions of 
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calcium chloride and of zinc chloride are commonly used. Calcium chloride 
may be used to make solutions up to 1.37 specific gravity, and sine chloride 
to make solutions up to as high as 1.90 specific gravity. Organic liquids are 
usually preferred for testing coal finer than about 20 mesh. Mixtures of carbon 
tetrachloride with ben sene are very suitable for specific gravities up to 1.58 
and do not change greatly in composition and specific gravity on standing 
because the two constituents have about the same volatility. If higher 



specific gravities are required, the carbon tetrachloride may be mixed with 
bromoform. 

FuU consideration of sampling rules is necessary for obtaining reliable 
results in specmc-gravity testing, and the apparatus used for the separation 
must be suitable for handling the large samples required with reasonable con¬ 
venience. McMillan and Bird give the minimum weights of sample for various 
sizes of coal listed in Table 104. 
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TABLE 104.—WEIGHTS OF COAL SAMPLES FOB FLOAT-AND-SINK TESTS ANO POH 


CHEMICAL ANALYSES 

^ ^ S«M of Cool. 

Elf. throgin 3 iimKm, oror I) in«hM 

Nut. throuAh II in«lMt. ovor J ineh. 

P«ft, (hroMfh I inch. »v*t { 

Byokohoot. tbrou^ I iiwh orer A inch. 

Bird* -•VO. A **«h. ©« 20 ntth . 

tatoufh 20 .. 


Woifht, Pounfl*. 

. m 

... 

.... 125 
.... .SO 
... . 25 

_ 0.$ 


A suitable apparatus for tcstiug sizts above 20 mesh is shown in Fig. 264. 
It con«sts of a wooden tank a linctd with galvanised iron, a perforated bottom 
pan 0 for remwing the sink, and a float rim c with removable flexible screen d 
for removing the float. The sink pan b rests on the bottom of the tank, and the 
float nm c rests on top of the sink pan. After separation is complete, the 
flexible float screen d is pushed into the float rim through the guide e, detmls 
of which are shown in Detail and Detail "C” of Fig. 264. Then the float 
rim with its screen and the sink pan are withdrawn from the tank with their 
respective products. The products are allowed to drain, then are washed, 
removed from the contmners, and dried. Zinc chloride solutions are usually 
used in this apparatus. Ordinarily in making a complete apccific^gravity 
analysis, the solution of lowest specific gravity is used first, thereby recovering 
at once the large bulk of the lighter coal and leaving a relatively small bulk of 
sink to be treated subsequently in the successively higher specific-gravity 
liquids. If the heavy refuse has a tendency to disintegrate in the solution or 
if other factors make it more convenient, uie procedure may be reversed and 
the heaviest solution used first. 

Testing of fine coal, minus 20 mesh, with heavy organic liquids may be 
carried out in ordinary 2-litcr re^nt bottles. The coal is shaken up with the 
liquid and allowed to stand overnight or for shorter periods, as necessary to 
give substantially complete separation. The float can then bo removed 
together with the upper part of the liquid by means of a glass tube connected 
to a suction flask, leaving the sink with the remainder of the liquid in the 
reagent bottle. The products are separated from liquid by dieting and are 
allowed to dry. 

Data from Float-and-sink Tests.— In testing a sample of raw coal to 
determine its w*ashing characteristics, the sample is separated into the various 
specific-gravity fractions by the use of heavy liquids as described above. The 
more customary examination does not involve separate testing of each size 
fraction in this way, but within practical limits all the sises which in the plant 
would be fed to a single cleaning machine are tested together. Occa^on^ 
tests of the various size fractions to determine the washing characteristics of 
each size and to evaluate the cleaning efficiencies of the various sizes are 
important, however. Each specific-gravity fraction is w'cighcd and an^yzed 
chemically for ash and sulphur, less frequently for other impurities. The 
results should be calculated to check with the w'eight and analysb of the 
original composite sample. These data, together with further data calculated 
as outlined Mow, give very complete information in a form directly useful in 
consideration of washing characteristics of coal, washing efficiency, and wash¬ 
ing problems in general. 

Table 105 is an example of the results of an examination carried out as 
outlined in the previous paragraph, showing the nature of the experimental 
and calculated data obtained. The various specific-gravity fractions obtained 
are listed in the first column. The second column lists the weight percentages 
of material of each specific-gravity fraction in the coal, as calculated from the 
weights of the products of the heavy-liquid tests. In the third column the 
cumulative per cent floating at each specific gravity is given, as calculated 
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trom the data in the second column. If the coal were cleaned by simply 
ine the coal particles and sinking the refuse particles at a certain specific 
eravity, the percentage yield of clean coal product would be given by t e 
cumulative weight per cent corresponding to that specific gravity, lor 
example, if the coal for which the data in Tabic 105 are given were cleaned by 
separating coal and refuse at a specific gravity of 1-6, the yield clean coal 
would be 82.9 per cent of the weight of the onginal raw coal- The fourth 
column gives the ash content of each specific-gravity fraction as determined 

TABLB 105.—EXAMPLE OF PATA FROM A SPECIFIC-ORAVITY ANALYSIS 


6p««iA» Onvity, 


Und*r 1.30. 

1.30 to .. 

].«0 to .. 

l.flO to 1.00 . 

1,00 (0 110. 

Ot« lAO . 


WMKt Per CoAt ol 
TeiAl SAinplo. 


Pircot. 


83.7 

43.0 

11.3 

4.3 

4.3 

7.3 


CunulAtave. 


38.7 

ri.o 

38.3 

37.4 

38.8 
100.0 


Aob Contont. Por Cent. 


Direet. 


3.1 
3 8 
13 0 
81 9 

44.2 

fl&.3 


Cumulotivo 
in Floot. 


8.1 
7.8 
3.3 
10.1 
11.3 
10.1 


CMmulotivo 
in Siok. 


10.1 
19..7 
38.4 
80.3 

87.6 

65.8 


directly by the chemical analysis. The figures in the last two columns aro 
calculated from the direct weight percentsjgcs and direct contents and 
represent, respectively, the percentages ash in the float and in the sink which 
would be found if the whole sample were separated at any one of the specific 
gravities used in the original tests. For example, if, as in the previous example, 
the coal dealt with in the table were separated into a clean coal product and a 
refuse product at 1.5 specific gravity, the clean coal product would contain 
8.9 per cent ash, and the refuse product would contain 38.4 per cent ash. 
Thus, at whatever specific gravity the separation Is made, the data given show 
the yield of clean coal and the corresponding ash contents of the coal and 
refuse products obtained. The raw-coal sample is seen to contain 16.1 per 

cent ash. ... ,. . 

No mechanical-cleaning process not involving crushing can improve on the 
results possible in a true specific-gravity separation, either by obtaining a 
higher yield of cleaned coal for a given ash content or by obtaining a lower ash 
content for a given percentage yield. The gravity separation effectively 
separates all liberated impurities, and the impurity contents of each of the 
lower specific-gravity groups of particles are locked up with the coal. Accord¬ 
ingly the float-and-sink data may be used to show the maximum amount of 
cleaning possible for the coal which is tested and may be taken as standard for 
evaluation of cleaning performance. 

Washability Curves. —Results of specific-gravity analyses are made use 
of in plotting the so-called “yield-ash'' or washability curves, and it is in this 
graphical form that the data are most convenient to use and most easily inter¬ 
preted. The yield-ash curve A in Fig- 265 is plotted from the data in Table 
105. The vertical scale on the left represents the yield of float coal in per cent 
of the original raw coal, its whole length thus representing the total weight of 
the original sample of raw coal used in the specific-gravity analysis. The verti¬ 
cal scale at the right of the graph represents the corresponding percentages for 
the sink. In constructing this curve, the horiaontal dotted lines corresponding 
to each specific-gravity fraction are fi^t drawn to divide the graph into horison- 
tal strips, the width of each strip being equal to the weight per cent of the coal 
in the corresponding specific-gravity fraction - That is, each specific-gravity line 
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IS drawn at the ordinate corresponding to the cumulative per cent float on the 
left-hand scale sa given in the third column of Tabic 105, and the space between 
each pair of lines represents the direct weight per cent as pven in the second 
column. Then on each of these lines a point is located at abscissa equal to the 
cumulative ash content as given in the fifth column of the table. The yicld- 
ash curve A is then drawn through all these points as shown. This curve thus 
represents the maximum yield of float coal which may be obtained for any 
given ash content, or, vice versa, the minimum ash content which may be 
obtained for any desired yield of float coal. A simple example will illustrate the 
use of the yicld-ash curve in connection with a cleaning operation. If the 
coal in question must be cleaned to an ash content of 12,5 per cent to meet 
market requirements, the maximum yield of clean coal which couid obtained 
is read from the curve as 23.5 per cent. Thus at least 6.5 per cent of the weight 



of the original coal must be discarded as refuse to cbtun the desired grade of 
cleaned coal, and the refuse will cont^ about 67 per cent ash. 

Curves B and C on the same graph pve additional data which may be useful. 
Curve B represents the ash content of the sink corresponding to any ^ven 
yield of float co^ and is plotted similarly to curve A except that the cumulative 
ash contents of the sink are plotted as abscissas. By applying this curve to a 
washing operation, the theoretical maximum ash content of the refuse for any 
percentage recovery of clean coal may be determined. Curve C is the 
“instantaneous” or “observed” ash curve and shows simply the average ash 
content of each specific-gravity fraction, as taken from the fourth column in 
Table 105. Inasmuch as the tabulated ash contents represent the average ash 
content over each specific-gravity range, the points on the instantaneous ash 
curve are placed vertically midway between the correspondii^ specific-gravity 
lines, as shown. Curve C may be useful if information as to ash content of 
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middlinge is desired, but or<linaruy it mignt jusw » -- 

®'“&rves showing the specific-gravity, characteristics of ^sp«°t to 

sulphur content or content of other impurities instead of ash content are 

constructed in an entirely analogous manner. nronpr 

Laboratory washing tests m small-scale apparatus may also, with proper 
provisions, be^ used to construct washability curvw. The various products, 
taken in their order of purity starting with the cleanest product made, are 
weighed, they are analysed for ash, and the results are used in the same way as 
if each of the products were a specific^ravity fraction m the procedure already 
described, If a band jig were used, for example, ^ter the sample had been 
iigged to substantially complete stratification, the bed would be removed in 
layers starting with the cleanest coal on top and continuing to the puresi 
refuse on the bottom, analysing each layer thus removed as a separate fraction. 

K.-..H 


Stef/on 

f9 


StcHon t 


Flo. 2e6.^Arr*ns«iKi«B( for MispUog coal'WMiung t*bU. 


Or, if a laboratory concentrating table were used, the products discharged 
from the table might by divided by an arrangement such as that shown in Fig. 
266. Yield-ash cui^'es obtained in this way will not coincide with those 
obtained from float-sink tests but will show inferior results which are also apt to 
vary somewhat with the technique used in making the laboratory washing 
test. Washing results are dependent to a considerable extent on particle-size 
relationships in addition to specific gravity and more or less variation may be 
expected from this cause. In any event, fioat-and-sink washability curves 
must be considered as standard, and washability curves from laboratory wash¬ 
ing tests are chiefly valuable for comparative purposes. 

Sizing Tests. —For a given raw coal the shape and portion of the wash- 
ability curve will depend upon the size to which it is crushed. If curves are 
determined for each of the various size fractions as they occur in the run-of- 
mine coal or in the crushed coal, a considerable variation may be found between 
the different sizes. Coals from many localities give fines which are higher in ash 
than the coarser sizes, while coak from other equally important sources give 
fines which are cleaner and lower in ash than the coarser sizes. Thus it 
frequently may be necessary to study the various sizes separately by the float- 
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and^ink method, in order to be able to understand the behavior of the coal on 
washing; or in designing a plant, such study may be necessary to know what 
special provisions might be required for proper preparation of all the sises of 
coal Sizing t^ts in conjunction with specific-gravity tests on the feed and 
products of a cleaning machine in plant operation show whether the washer is 
operating efficiently for all sizes fed to it, and indicate what ^juatments 
are necessary in the operation of the machine. 

The effect of crushing is usually to liberate a certain amount of impurities 
irom the coal and to make possible increased yield of clean coal of a given ash 
content or lower ash content for a given percentage yield. The application of 
the specific-gravity testing technique to samples of the coal crushed to pass 
various sewn sizes will measure this effect and show whether crushing will 
allow worthwhile improvemenU in yield or ash content, and if so how fine the 
crushing should be carried to obtmn the desired results. Similar considerations 
apply to the exammation of washer middlings to determine bow they should be 
re-treated. 

Inasmuch w the final cleaned coal is usually marketed in several sized 
products, it 18 desirable in preliminary testing work on a raw coal to screen out 
these various sizes and test them separately. Using this procedure the 
investigator will be able to tell from the results both the quantity and the 
quality of coal recoverable in each use from a given amount of run-of-mine 
coal. 

Evaluation of Clbanino Results in Plant Operation.— Whereas in 
ore dressing the primary criteria of concentration results were percentage 
recovery and CTade of concentrate, in coal dressing the similar criteria are the 
percentage yield of clean coal and the grade of the clean coal. The latter is 
expressed usually in terms of the contents of ash, sulphur, and other impurities 
The net return per ton of coal mined depends on both the yield and the grade 
of the coal, as the former determines the amount of coal which is marketed and 
the latter determines to a certain extent the price it will bring on the market. 
However, other factors affecting the market price of the products must also bo 
considered: the size characteristics, the nature of the true coal substance, the 
outward appearance of the coal, its combustion characteristics, and others. 
However, to simplify this discussion, it may be assumed that in a given operat¬ 
ing plant preparing a given coal, these facton are practically invariable, and 
the clewing process improves the value of the coal chiefly by removing the 
impurities. Accordingly the problem becomes to operate the cleaning process 
to give the most economic combination of^eld and impurity content in the 
cleaned coal. When one knot's the prices the various grwies of coal will bring 
on the market and the approximate yields corresponding to these various grades 
from wash ability examinations of the coal in question, the most economic 
point of separation may be chosen and the washer a^usted to approach this 
point as closely as possible. This procedure is, however, complicated in actual 
practice by various conditions. The relative amounts and values of each trade 
Mze of coal produced must be considered also. A given plant generally markets 
its coal prc^ucts to a number of consumers, each perhaps setting up different 
requirements. Also the market conditions may vary in such a way that the 
amounts of ewb grade of coal supplied will vary very materially over a period 
of time. It is thus readily understandable that the plant can operated 
continuously at highest profit only by the proper application of complete infor¬ 
mation as to the washing characteristics of the raw coal and by the exerc^e of 
good judgment on the part of the manager. 

Washing Efticienct. —When the washing characteristics of the coal are 
known frpm testing results and tbe most economic point of separation has been 
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Qualitative, Quantitative, and General Efficiencies are computed as 
follows: 

Qualitative: 


Quantitative: 


100(96.6 - 73.4) 
100 - 73.4 


= 87 per cent 


RitW 1522LZ?'4 - 2.1 X 24.7 100(96.6)(73.4 - 2.1) 

73.4 (73.4){96.6 - 2.1) 

General: 


99 per cent 


87 X 99 « 86 per cent 

The Qualitative Efficiency may be called the efficiency of dirt removal, 
as it 18 equal to the units reduction in sink by washing divided by the units 
smk in raw coal, expressed as per cent, and does not take into account the loss 
of coal in the refuse. The Quantitative Efficiency represents the percentage 
recovery of float coal m the washing operation. 

^rcserand Yancey'BFormula .—Toe efficiency according to Fraserand Yancey 
is also a product of a qualitative and a quantitaUve factor, but the basis of calcu¬ 
lation of each is somewhat different than in Drakeley’s formula. The quali¬ 
tative factor is based on a companson of the ash reduction obtained by washing 
with the ash reduction obtained by the float-and-sink method. The quanti¬ 
tative factor is based on a comparison of the yield of washed coal with the 
yield of float coal obtained by the float-and-sink method. The fact that 
reduction in ash is considered rather than reduction in unk, as used by Drakeley, 
is an advantage in that the direct purpose of cleaning is actually to reduce the 
ash conten t. As wi th the D rakeley formula a suitable specific grav ity is chosen 
for the specific^avity tests. Fraser and Yancey's fonaufa is as follows: 
General Efficiency: 

jdeldof washed coal raw-coal ash — washed-coal ash ^ ... 
yield of float coal raw-coal ash — float-coal ash ^ 

Using the same coal data as previously used for the Drakeley formulas the 
Fraser and Yancey formula gives: 

General Efficiency: 


Chapman and Mail's Formula.—Chapman and Mott have pointed out the 
difficulty in obtaining a representative sample of raw coal for float-sink tests 
and asb determination. They have also point^ out that the raw coal will 
vary considerably more in nature and composition than either the cleaned coal 
or the refuse. The efficiency formula they propose, as follows, is not depend¬ 
ent on direct tests on the raw coal and is somewhat ampler than either of the 
previously discussed formulas. 

Efficiency: 

asb content of raw-coal float ^ asb content of refuse 
ash content of washed coal ash content of raw-coal sink 
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Again taking the previous data this formula gives 
Efficiency: 

This formula is made still simpler, as its authors point out, by the fact that the 
ratio between the ash content of the raw-coal floats and the ash content ol 
the raw-coal sinks may be found to remain virtually constant oyer a P«npa oJ 
time, and once the average value of the ratio is deterrmned, daily emciency 
circulations require only the ash contents of the washed coal and the refuse. 

Dailt Control Tests. —No matter what kinds of tests are used to check 
on plant operation, they arc largely dependent on proper sampling metnods- 
Much has been written elsewhere in the literature regwdmg coal sampling, 
but inasmuch as the main principles should by this time be fammar to the ore- 
dressing student, little need be added here. The Bureau of Mines has pre¬ 
scribed standard methods of coal sampling which are described in two papers 
well worth referring to for guidance in all coal-sampling problems. 

Daily tests are made for two somewhat interrelated purpose: (1) to 
and check the quality of the coal products which are to be marketed and (2) to 
control the cleaning operations and maintain high operating efficiency. 

Tests for the former purpose are concerned primarily with the specin- 
cations which the consumer sets up and by which the consumer judges the 
quality of the coal These may include sise specifica.tions, ash and sulphur 
contents, appearance, and other charactcre. Each shipment or wa carload 
may be sampled and tested to determine the manner in which the product 
requirements are met. . ^ , 

Control of the cleaning operations is, of course, in fluency considerably oy 
the market requirements Tor the coal products, but in addition the desirability 
of obtaining the highest possible yield, of discarding the least amount of good 
coal in the refuse, and of operating most economically are of direct concern. 
The importance of float-sink tesU in evaluating these factors h^as already 
been brought out. Once the general washability properties of the coal are 
well known, daily control tests may require testing operating samples of the 
raw coal, the cleaned coal, and the refuse at only one or perhaps two specific 
gravities, and these will give ample information for adjustment of cleaning 
machines in the event of no abnormal fluctuations in operation. 

Dewatering and Drying 

Purposes. —Provisions for dewatering or for dewatering and drying the 
washed coal are a necessary part of wet-washing plants, as a minimum moisture 
content ia necessary in the coal delivered to the consumer. Excessive moisture 
in the coal leaving a plant is an undesirable impurity for several reasons: (1) It 
reduces the fuel vidue of the coal, (2) it may render the coal undesirable for 
coking, (3) transportation and handling chaises have to be paid on the weight 
of the water shipped with the coal, and (4) wet coal is apt to freeze solid in the 
winter and cause great difficulties in handling and utilisation. 

Drying also may be necessary in a dry-cleaning plant as a preliminary to 
cleaning if the moisture in the mined coal is not uniformly low. Too much 
moisture in the feed to a pneumatic table, for example, brings about a con¬ 
dition of the bed which ma^es efficient cleaning impossible. 

Tee Nature of Moisture in Coal. —A certwn amount of water is present 
in coal as a part of the coal substance and is classified as ‘inherent ” or hygro- 

^ Pops, G. S., Methods of SaiopliDg Delivered 116, XJ.S. Bureau of Mines, 

1916; Directions for Sampling for Shipment or Delivery, Technical Paper 133, U.S. 
Bureau of Mines, 1917. 
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9 copic water. The percentage moisture occurring in the coal in this form is 
characteristic for a ^ven typo of coal, as coal is hygroscopic and tends to 
saturate itself with water. Inherent moisture varies from 2 to 4 per cent for 
anthracite and high-rank bituminous coals up to as high as 30 per cent for 
sub bituminous coals. Little inherent moisture is removed in the course of the 
usual commercial dewatering and drying operations. Prolonged heat drying 
allow the only method of completely removing this form of moisture. 

JJewatenng and drying in practice are mainly for the purpose of rcjmoving 
moisture held at the surfaces of coal particles or in the interstices between the 
particles, or, in other words, the moisture which gives coal a wet appearance. 
In contrast to inherent moisture, this occurrence of water U usually classified 
^ surface moisture. The magnitude of surface moisture content is related 
to the sizes and size distribution of particles in the coal. Also the difficulty 
wth which surface moisture may be removed is largely dependent on the par- 
ticl^size constitution of the coal, as well as on the percentage of clay and 
similar constituents which tend to hold water in the coal. 

Methods.—N o one method will serve to reduce the moisture content of all 
sizes of coal to a satisfactoiy point, and in present practice a number of methods 
are used, each being best suited to a certain range of conditions. The various 
procedures in use for dewatering may be clasrified under four heads, as follows* 
(1) natural drainage, (2) centrifugal dewatering, (3) thickening and filtering, 
and (4) heat di^ng. 

Natural (trainee is a satisfactory means for reducing the moisture content 
of coarse sizes of coal down to about | inch to nearly the inherent moisture 
content. Finer sizes of coal, slack, or unsized coal containing both coarse 
and ftnc particles arc dewatered to a variable extent by draining, in many cases 
sufficiently to meet ordinary demands- The chief apparatus used for dewater¬ 
ing by drainage include stationary, shaking, and vibrating screens; elevators 
with perforated buckets; and drainage bins and piu. Drainage during ship¬ 
ment in railroad cars may also be a factor. The usual forms of screens and 
elevators are modified slightly or in some cases not at all for adaptation to 
dewatering. For example, in using screens for dewatering, special types of 
screening surface such as wedge wire may be preferred in some cases. Drain¬ 
age reduces the moisture content to the order of 3 to 5 per cent under normal 
conditions with coarse coal sizes. 

Centrifugal deipaUring is used largely for coaJ between | inch and 48 mesh. 
Larger sizes than f inch are dewatered more cheaply by drwnage, and smaller 
sizes than 48 mesh, if present in too high a percentage, will cause higher mois¬ 
ture contents in the centrifuge product and at the same time will partly pass 
into the effluent water from which they must be recovered. The Carpenter 
drier, shown in Fig. 2$7, is a basket-type centrifuge used in a number of 
bituminous coal plants in the United States. Coal is fed into the machine 
at the top under the gear casing and is distributed on the inside of the conical 
screen basket by means of a distributor disk. The coal passes down the inside 
of the basket over offsets and through teeth, the latter breaking up any masses 
which tend to form as the coal dries. The increasing diameter of the screen 
basket from top to bottom makes the centrifugal force acting on the coal 
Increase as the coal passes downward through the machine. Drying is accom¬ 
plished both by forced drainage due to the centrifugal force and by the impact 
of the coal on the screen as it hits the first screen and as it passes over each 
offset, the greatest impact and centrifugal force acting on the nearly dried 
coal. The dried coal passes finally into the discharge cone at the bottom. 
Effluent water is collected in the chamber around the basket and delivered 
through a pipe as shown in the figure. 
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Several sizes of Carpenter driers S.'d rcSris 

pany uses three sises, designated as the AR-1, AIM, and AH lA, an p 

the mechanical data given in Table 106- 



Fia. 267.—Sectional >*»«w of Carpenter drier. 


The material led to a centrifugal drier is usually partially drained during 
handling before being fed. For example, in plants of the Pittsburgh Coal 
Company |-inch to dS-mesh cleaned coal is first reduced from 75 per cent 


TABLE 106.—MECHANICAL DATA FOR CARPENTER DRIERS 


5ie« of Drier. 


Ditin«t*r of rotor bottom ot tip. 

Dimentieny of bo«* (rqiiaro). 

Oversell beiiht. 

Rotor opoM, roTolulioiio pec nunute...... 

Rortepower. empty . 

Horiepower: full l 04 <i... 

Cepecity, tons per boor (dry product).... 
Ror««*po«er per ton dry product per hour. 

Souore (tec ecreen eurfoce. 

Piteb. ooreen eurfuco to boriiootul. desreci 




S feet d inel»«« 7 feet 3 inches 10 foot 4 inches 

S feet 0 inchn S feet li inches 12 feet 8 inches 

7 (cet B ictehes 7 feet 1) inebes 10 feet 

370 841 267 

12 11 87 

22.S 82 78 

20 27,2 82 

1.14 1.89 1,80 

85 48 82 

50 57 80 


10 feet 
267 
87 
78 
52 
1,80 
82 
80 
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WAt«r to between 20 and 25 per cent by dewatering elevators or screens and is 
then further reduced to 5 to 7 per cent water by the Carpenter centrifugal 



driers. One disadvantage of centrifugal dewatering is the amount of breakage 
and degradation of the coarse rises of coal which takes place. 

Thickening and fiJUring methods similar to those used on ores are used to 
advantage for the very fine coal rises on which the previouriy describe 
methods fall down. Very often the operation of dewatering the fines is second- 
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rvrv to the operations of water clarification and water recovery which are 
out in the same apparatus. The products of thickening or of 
ir,e and filtering are relatively high in moisture content, above 15 to 20 cent, 
but S mixed wth other sises of low moisture content, w is sometimes done, 
they may not seriously raise the moisture content of the final 
ther reduction in moisture should be necessary, heat drying could be applied. 

” Heat drying is used in some plants to supplement other roetho^ of moisture 
reduction which do not reduce the moisture content te the 
Usually it is applied to sises below 1 inch. A number of typos of heat dners 
we in use, some of them being adaptations of appara^s 
tries Several are of the cylindrical type, such as the Christie and the Rotary 
louvre. The Dwight Lloyd Oliver drier, which pas^s hot air down through 
the bed of coal, is similar in construction and mechanism to the Uwight L.ioya 

shows an installation of a type BD Christie drier at the Cham- 
Dion No. 1 plant of the Pittsburgh Coal Company. This dner handies a minus 
iL'nch feed; about 80 to 85 per cent of which is made up of the discharge of 
Carnenter AR-12 driers and the remaining 15 to 20 per cent of which is a filter 
product. The composite feed averages 7.5 to 9.6 per cent moisture; this is 
reduced to 3,0 per cent moisture in the Christie drier. . , . , 

The drier is heated by a forced-draft mclincd-gratc overfeed stoker. 1 ne 
coal used for heating is minus ^-inch coal of the same moisture content os the 
drier feed and in fact comes from the drier feed storage hopper. The coal con¬ 
sumption for heating is 15 pounds per ton of coal dned. The flow of gwes can 
be readily followed in the figure. They pass down the inside fire tube from 
feed to discharge end and then back to the feed end over the coal. Dust is 
removed from the flue gases by the cyclone collector, as shown. Operating 
data reported for this drier are as follows: rite, 102 inches in diameter by 05 
feet long: slope, i inch per foot; speed of drum, 5 revolutions^r minute; capac¬ 
ity, 45 tons per hour; and temperatures of gases, inlet 1300 to 
Fahrenheit, outlet 130 to 150 degrees Fahrenheit, and discharge hood, 800 to 
850 degrees Fahrenheit. 


Recovery or Fine®; Water CnARiPiCATiON and Cibcolation 

Washebv Water. —Immense quantities of water are required in a modern 
wet coal washery- The quantity of water used per ton of coal washed vanes 
both with the sise of the coal and with the type of process used and is of the 
order of magnitude of 3 to 10 tons. Thus, for every ton of hourly capacity of 
the washery, from 720 to 2400 gallons of water are used per hour. A plant 
with a capacity of 100 tons of coal per hour would require in the course of an 
^hour shift, according to these figures, from 600,000 to 2,000,000 gallons of 
water. It is apparent that under normal circumstances a constant supply of 
fresh water to meet such requirements would be rather expensive, and in many 
places sufficient fresh water would not even be available. Hence recovery and 
recirculation of water are necessary, and fresh water is used only to make up for 
water losses in the washery products, evaporation, spillage, and other incidental 
losses. 

If the common natural-drmnage methods of dewatering washer products 
discussed in the last section are considered, it is at once evident that the fines 
with the washer products pass to a laige extent into the water rather than into 
the dewatered material. These fines represent fines present in the washer feed 
and also those produced by breakage and by disintegration of the raw-coal 
constituents in the water. In order to recirculate the water, this fine material 
must be wholly or partially removed to keep the percentage solids and the 
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density of the circulating water at a satisfactorily low value. Should the fines 
be allowed to build up too high, not only would the resultant high density 
interfere with washer operation, but difficulty very likely would be experienced 
in draining and dewatering the clean coal products. 

^e possible method of maintaining a low solids content in the water is to 
Weed a constant fraction of the circulating water and discard it continuously. 
However, there are several serious objecUons to this practice which make it 
impractical in most plants: (1) The water loss b high, (2) the loss of fine coal 
^scarded with the water may be too high, and (3) disposal of the effluent may 
be dimcult or impossible owing to laws regarding stream pollution. These 
lactors make the recovery of fines from water a necessary and economic practice 
in most localities. 

Recovery of Fines and Water Clarification.— Settling tanks of various 
spitskasten, and Dorr thickeners may be used to remove finely 
divided suspended solids from washery water. Many of the cleaning machines 
and processes previously described include such provisions for partial or sub- 
staWially complete remove of the fines as inUgral parts of their design. 

The Dorr thickener, oripnally developed in ore dressing, has become a 
common means of recovering fine material and simultaneously clarifying the 
water in United States coal-preparation plants and has been demonstrated to 
be an efficient and economical device for this purpose. The settled solids arc 
contmuously discharged as a thick sludge, and the overflow of clear water is 
returned to the washery water system for reuse. The thickener works best if 
the feed does not contain material coarser than 20 mesh. Such material is 
best removed with a Dorr classifier. 

The thickener underflow, a sludge containing usually about 60 per cent 
solids, may be further treated or disposed of in a number of ways, depending 
upon Its quality and on the existence of a market for fine coal. One method, 
when the quality of the fines and other conditions are favorable, is to dewater 
the sludge further by filtering, or by filtering and heat drying, and add the 
resultant product to the clean coal product. If the fines are too low grade it 
may be necessary to run the sludge to waste. Froth flotation has shown good 
possibilities for reco^’ely of good coal from a low-grade sludge product. How¬ 
ever, the satisfactory dispcwal of sludge still remains an unsolved problem in 
many plants. 

Moving Coal in the Plant 

Breakage and Degradation. —Inasmuch as the value of the plant coal 
products is dependent to a considerable extent on the sise of the coal and as 
smaller sises in general sell at lower prices than laiger siaes, it is important to 
keep breakage and size degradation at a minimum in most plants. The neces¬ 
sity for care in this regard is greater for soft friable coals than for harder coals; 
accordingly it is greater in handling bituminous coal than in handling anthra¬ 
cite. The design of equipment for moving coal in a plant is influenced con¬ 
siderably by this necessity for keeping degradation at a minimum. This 
accounts for some of the differences between coal handling and ore handling. 
In delivering coal from one point to another, it should never be allowed to drop 
vertically or roll down a steep surface, but instead it should be made to slide 
relatively slowly. Modem means of filling bins and loading railro^ care pro¬ 
vide for delivery to the surface of the coal already in the bin or car with little 
drop. 

Chutes. —Several types of chutes are used for lowering coal. Figure 269 
shows a “box chute," also known as a “telegraph chute." This is a square, 
vertical, wooden box, lined with sheet iron. The coal passes down an inclined 
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U l<»adinK to the top of the box and passes over a pan that rises and falls 
amount of coal on it. This pan is mechamcaUy connected to 
f^^ate fn the bottom of the vertical chute in such a way that when the pan 
tJpnds the gate closes, and when the pan is forced down by of the 

the gate opens. This arrangement autoroaticaUy keeps the box full of 
at aU tim«. When the box b full and the coal baoks up sufficiently to 
^cumulaie Se pan, the pan sinks, opens the gate and allows ooaUo ^ 
When suffici^t coal has passed out to aUow the pan to return to its 

we^ai^th^^type used to lower coal in 
are somewhat similar to the Pardee spiral separator, described previously 



Pjo, 2ed— Box ehuto u»d by Suxqwhanoa CoUi«ri« Cotnpaoy to lower coal in breaker and 

reduce breakage. 


and shown in Fig. 248, but have no provisions for separation of the coal 

constituents. . , , ^ ^ j* * 

Shaking chutes are frequently used for conveying coal for short distances. 
The shaking mechanism is similar to that used on shaking screens, and in 
some cases both screens and chutes may be driven by a common mcchamsrQ. 

Conveyors.— conveyors are used for many purposes in moving coal, 
although they are not so universally applied in coal plants as in ore-dre^mg 
plants. Apron conveyors (see Fig. 270) are widely us^ and in addition to their 
use for conveying also serve in many plants as picking conveyors. Another 
common application is in the form of loading hoome for delivering coal di^ctly 
into railroad care. Apron conveyors used as loading booms have hinged 
sections which may be moved up or down by means of a hoist to discharge at 
any desired height. These facilitate car loading with minimum breakage and 
degradation of the coarser ^ses. As in ore concentrators, apron conveyors 
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may be provided with variable-speed drives and applied as feeders. Apron 
conveyors consist of a number of sbeet-iron or steel aprons attached to a link 
belt on either side in such a way as to form a continuous surface. These link 
belts are driven by suitably designed sprocket wheels at either end. If the 



Fio. 270.~Eodl«tt Apron coovayor. 



Fxo. 271.—Sermpor coovoyor. 


coal is to be conveyed up or down a steep slope, various forms of scraper or 
fiighl c<mveyors are applicable. Figure 271 shows one form of scraper conveyor 
ill general use. The coal is conveyed along a trough by means of scrapers or 
fiigiits, fastened to one or more endless belts and guided by rollers on both 
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•Aqa as shown in the cut. The coal is being scraped in the trough below, and 

^^®eS/atorb.— handUng co^ are generally siimlav 
ascribed in Chapter XV for handling ore but differ somewhat m 
of cSistruction and operation, as called for by the differences m 
i and other requirements between the materials handled m the two fields. 
^^Atttomatic Feedbbs.— Although apparently not quite so eydent in coal- 
*i^a^ati^ practice as in ore-dressing practice, the provision of uniforin con- 
feed to coal-preparation machines is important m securing maximum 
and uniform products. The use of apronn^onveyor feeders has 
^idy^ieon mentioned.^ Other types arc largely adapted from ore-dressing 
prwti^, the Ross chwn feeder being one example. 

Miscellaneous Operations 

PVRITE IlECOVEBy.— The recovery of pyrite affo^ a source of considerable 
income in some districts. Pyrite occurs in coal m fine grains, scales, or ‘n the 
of nodules or sulphur ball.- of all sises. Inasmuch as its sPoo'Se 8^^'ity 
is^uch greater than the specific gravities of other cornmon coal constituents 
•L^pnaration is relatively easy. If the pieces of pynte are large, they may 
be Lparated in the hand-picking oiXTaiion. i^nte too small for P'c*“"8 
^covered from the washer refuse product by rejigging the refuse » ^PwaW 
iii Other methods such as tabling are also equally applicable to the sepa- 
ifttion of Dvrite from washer refuse in their proper sise ranges. 

DEDUBTmo.-The term ■■dedusting” U aPPl>«l to the ^ovri frorn coaj 
of very fine coal and impuntics, usually below ^ to TJtr'nc? * 
usuaUy by dry methods, preliminary to either wet or dry preparation. Both 
fine screening and pneumatic methods for removing these fine siscs have been 
used or even a combination of the two, but pneumatic dedusting appears to 
be mo?e metical in view of the fine si*c of separation. Pneumatic dedusters 
mareK horisontal or upward currents of air,,and the co^ should 
be relatively dry, that is, below 3 or 4 per cent moisture. If too wet, t 
should be dried before dedusting, or the dedusting process may employ a hot air 
blast The dust-laden air from dedusting operations goes through settling 
and filtering dev^^to take out the dust, and then the air either escapes into 
the Xosphere or is recirculated. The equivalent of dedusting may be 
obtained by wet methods such as water spraying on screens or by wet classifier^ 
Dedusting IS practiced extensively abroad, and the number of installations in 

the United States is on the increase. . . , , , ._ 

In orinciple a pneumatic dediister is simply some form of air separator or 
air claSifier in which an air current is adjusted to lift the dust particles while 
letting coarser particles drop. Figure, 272 shoivs a di^rainraatic view of the 
Birtley deduster. The actual separation of coal and dust is accomplished in 
the clLsifying column A. Feed is introduced through the chute B and regu¬ 
lated by the gate C. During operation the exhaust fan, not shown, reduces 
the preLure inside the dedusler, causing air to be drawn m through the inlet 
E over the adjustable feed plate D and also through the^condaiy air mlets F 
on each side. These air inleU are adjustable to obtain the desired upward air 
velocity in the classifying column. The coal dro^ to the spnng-bnianced gate 
H which delivers the dedusted coal automatically as fast as it ^cumulates. 
Dust carried up in A passes into the baffled expansion chamber G, where the 
coarser dust settles out and is delivered at Air and fine dust are drawTi out 
and pass to the dust coUector, which in the Birtley system is a combination 
cyclone and bag-filter type. The cleaned air from the dust collector is dis¬ 
charged into the atmosphere by the exhaust fan. 



558 


TBXTBOOK OF ORB DRESSING 


• ^ pr^iminAry to wet washing, dedusting effects a con^derablc reduction 

m tUe problems mvolved m recovery of fines from waahery water and water 
cl^ncation and also facilitates dewatering and drying of washery products. 
If the dust m a coal tends to be high in ash, its removal will lower the ash 
content of the final cleaned coal product- On the other hand, if the dust is 
low jn wh, It may ^ disp<^ of profitably as a fuel to be used in pulverised- 
luel installations.^ Dedusting alleviates the dust nuUance. The operation of 
pneumatic tables iscleaner and more satisfactory in general with dust removed 
irora the feed. Dust removal avoids stream pollution from wet plants 
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Fio. 272.—S « Uon of BirUoy dodusUr. 


Coals from which dust has been removed are superior for certain purposes to 
those with the dust left in. Dedusting makes a better grade of domestic 
stoker coal. Better coke may be made from some coals if the dust is removed, 
owing to the lowered content of fus^n which concentrates in the dust. 

Cheuical and Oil Treatment of Coal. —Treating the coal with chemi¬ 
cals and spra 3 ing with oil have been used successfully for various purposes, as 
follows: ( 1 ) dustproofing, (2) nusing ash-fu»on temperature and prevention 
of clinkering, (3) prevention of freeaing of wet coal, and (4) reduction of 
"fly ash" in domestic fuels. Such treatments before marketing are most 
important in the domestic field in which cleanliness in utilization is highly 
desirable. 
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The first work of this type was done with calcium chloride solutions. 
Later other chemicals were found suitable for the same The most 

recent developments in this field have been in the use of oils, both hot and coin, 
oaraffin, and similar liquids, applied by spraying, atomizing, vaporizing, or 
other means- The Viking process is one example of an oU-treatment Process 
which has been adopted in several commercial plants. The oil is healed to 8b 
degrees centigrade (190 degrees Fahrenheit) and applied to the coal ^ a fine 
spray, as the coal passes from a hopper through a discharge spout in^ the 
rmlroad ears. The following data on oil consumption were reported for an 
installation in the Salt Lake, Utah, field: l-inch to 0 slack, 3.0 quwts per ton; 
iWnch to 0 slack, 2.5 quarts per ton; 1- to l|-inch screened alack, 2.0 quarts per 
ton: and 14- to 3-inch nut, 1.5 quarts per ton. It was found in this district 
that practically 100 per cent of the domestic consumers preferred the oil- 
treated coal to all other coals. The following advantages were reported for 
the treated coal: (1) The coal was permanently dustproofed, (2) the coal pro¬ 
duced in burning a better clinker for domestic purposes and less fly ^h, (3) 
the oil-treated coal acted as a preservative for metal surfaces with which it 
came in contact, (4) there was less size segregation in storage hoppers and during 
handling, and (6) there was less tendency for aponUneous combustion. 


COAL-CLBANINO Pl^ANTS; EXAMPLES OF PRACTICE 

The plants described in the following are representative of typical practices 
in modern cosJ preparation. It will be noted that in comparison with ore 
concentrators, coal plants are much less elaborate and are made up of large, 
high-capacity units of equipment, relaUvely few in number. Another impor¬ 
tant feature, most noticeable in plants preparing bituminous coal for market, is 
the high degree of flexibility of the treatment given the coal, which allows the 
production of variable tonnages of different grades or sizes of products to 
follow the market demands. 


BmiUlNOOB COAL PREPARATION 

The Delta Coal Mining Com pant, Carrier Mills, Illinois. —The raw 
coal delivered to this plant is mined by open-pit mining methods and loaded 
into 15-ton trailers which are drawn by tractor a maximum distance of 14 miles 
to the preparation plant. The coal seam averages 52 Inches in thickness and 
is covered by an overburden averaging 35 feet in thickness. The layer 
immediately above the coal consists of hard blue shale. Underneath the 
coal is a fire clay which is naturally aoft; this forms a mud when wet. This 
fire clay and the pyritic lenses in the coal constitute the chief sources of impuri¬ 
ties to be removed in the plant. 

The preparation plant has an over-all capacity of 400 tons of run-of-mine 
coal per hour. Hand picking is provided for sizes above 3 inches and for the 
2- to 3-inch size ^so, if desired. Sizes from 0 to 3 inches are washed in one 
Simon-carves Baum-type jig-wasber unit. 

Seven primary sizes of coal may be shipped, as follows: hand-picked 6-inch 
lump and 3* to 6-inch egg; hand-picked or washed 2- to 3-inch No. 1 nut; and 
washed 14- to 2-incb No. 2 nut, }- to 14-mch No. 3 nut, {- to f-inch No. 4 nut, 
and {-inch to 48-mesh No. 5 nut or carbon. Any desired combination of these 
primary sizes may be mixed. Provisions are also made for crushing and 
rescreening the lump, e^, and No. 1 nut to any extent desired for increasing 
production of the finer sizes. 

The diagrammatic flow sheet of the Delta plant is given in Fig. 273. The 
solid lines represent the normal course of coal through the plant, and certain 
alternative routes are indicated by dotted lines. Only the former will be 
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considered in the following discussion, but the latter should be noted carefully 
as they provide for great flexibility in adjustment of plant operation to different 
requirements. 

Mine-run coal is delivered by belt conveyor to the mine-run shaking screens. 
These separate the coal into the sises: 6-inch lump, 3 to 6 inches, 2 to 3 inches, 
and minus 2 inches. The 6-inch lump and the 3- to 6-inch size are delivered to 
two hand-picking tables of the shaking type. Bone and refuse are picked 
from the coal, the latter going to the refuse bin and the former being crushed to 
3 inches in a single-roll crusher and returned by conveyor and elevator to the 
main shakers for resizing. Degradation passing through screens at the ends of 
the picking tables is also returned to the main shakers. The hand-picked 
lump and egg coal sizes are normally loaded separately as indicated in the figure 
but may be diverted to crushers for reduction to smaller sizes. Sizes from 0 to 
3 inches arc normally washed in the five-cell Link-belt Simon-carves jig, shown 
to the left of the settling cone, which has a capacity of 250 tons per hour. The 
0- to 3-incb washed coal is screened at 2 , f, and f inches on the secondary 
sizing shakers, the various sizes above | inch being loaded into cars as shown. 
The undersize is screened by the vibrator battery of vibrating screens 

for dewatering and removing the minus 48-meab fines. Coal passing over 
these screens is conveyed to the proper loading chute. Fines and water pass¬ 
ing these screens are pumped to a settling cone which delivers clarified water to 
the washer and minus 4$-mesh sludge to the sludge pond. 

The four largest sizes of coal, lump to No. 2 nut, inclusive, are loaded by 
means of scraper-type rescreening loading booms. The degradation removed 
through gates in the upper strands of these booms is carried back on the bottom 
strands to the mixing conveyor which delivers it to the elevator feeding it 
back into the raw-coal stream. Small sizes are loaded by means of chutes. 

The mixing conveyor is arranged to allow progressive mixing of any or all 
primary sizes, either washed or raw, for loading on any of the trades. It 
also serves for transporting any or all sizes a^ve 2 inches to the single-roU 
crusher for reduction to 2 inches. 

The ash content of raw 3-inch to 48-me8h coal is about 18 per cent. The 
washer is operated to make a separation corresponding to a gravity separation 
at specific gravity 1.50. Analyses show that the ash is actually reduced about 
to the amount of ash inherent in the coal at specific gravity 1.50, while the 
refuse product contains a very low percentage of material floating at this 
gravity. 

The United Pocahontas Coal Company, Crumplbr, West Virginia.— 
This plant is a combination wet- and dry-preparation plant in which sizes above 
4 inches are hand-picked, ^ to 4-inch coal is washed by jigging, and 0- to J-inch 
slack is cleaned by dry tabling. Dry cleaning of the slack was adopted primarily 
because of the difficulty in marketing wet slack during cold weather. The 
plant serves as a central preparation plant for three mines in the Pocahontas 
No. 3 seam area. The seam averages 54 inches in thickness and is character- 
i«d by a layer of bone in its center. This bone layer averages 2 inches in 
thickness but increases to as much as 10 inches in thickness in some places 
Immediately above the coal and adhering tightly to it is 4 to 2 inches of “ cube 
coal of about 1.45 specific gravity, then 1 to 4 inches of fire clay, and on top 
of this a .^anch layer of draw slate. These layers constitute the chief sources 
01 impunties to be removed in washing. ^ 

Total capadty of the plant is 300 tons per hour, that of the wet-washine 
unit alone is 85 tons per hour and that of the dry-tabling plant is about 140 
tons per hour, distributed between six table units. 
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The primary sizes shipped from the plant are 7-incb lump, 2i- to 7-inch 
egg, 1- to 2^ineh stove, to 1-incb nut, ^ to ^inch pea, and minus i-inch 
slack. Various combinations of these sizes also are mixed and shipped to meet 
market demands. 

The flow sheet U ^ven in Fig. 274. The process of preparation is simple 
and requires little comment. Lump and e^ are screen^ out over the main 
shaker and hand-picked. The 4-inch undersize of the main shaker is separated 
into 1-inch to 0 slack, making up the feed to the six dry tables, and 1- to 4- 
ineh coal for feed to the jig washer. Both final refuse and bone are picked 
from the lump and p^ckir^s tables. The hand-picked bone is crushed to 
11 inches in a double-roll crusher and added to the 4-incb undersize of the main 
shaker for further preparation. 



caption of Pic. 273.) 


The 1- to 4-inch raw coal fed to the Baum-type jig washer averages 16 per 
cent ash and is reduced to below 7 per cent ash in the washing operation while 
discarding a refuse with only 1.2 per cent floating at specific gravity 1.50. 
The American pneumatic tables reduce the ash percentage in the minus i- 
inch slack an average of 3.26 percentage units. 

FxnKLiTY Preparation Plant, Unite© Electric Coal Compant, 
DuQVOiN, Illinois.— The Fidelity plant prepares coal by the Rheolaveur 
process and has a rated capacity of 600 tons of raw 0- to 3-inch cow per hour. 
The coal is mined by stripping from the No. 6 seam. The mpunties m tha 
seam include the following: a number of smut bands or mother coaUfusam); 
calcite; pyrite on both horizontal and vertical faces; the blue band shale, 
characteristic of this seam, averaging 2 inches in thickness; and 6 mch^ above 
the blue band, a clay band from | to 1 inch thick. The layer of coal beneath 
the blue band, varying from 8 to 20 inches, supplies a laa^e part of the high-aah 
material close to the washing gravity. 
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The diagrammatic flow sheet of the Fidelity plant is given in Fig. 276. 
Mine-run coal from the pit is first screened on the mine shaker screen in the 
tipple, and the undersize or minus 3-inch coal is delivered to the washing plant. 
Coal over 3 inches in size is hand-picked in the tipple, removing both a pure 
refuse product and a ‘Uop coal” product, which is crushed to 3 inches and 
added to the washery feed. 



The sealed-discharge Rheolaveur plant, consisting of two 48-inch mmn 
launders and one 48-inch re wash launder, is fed from the raw-coal conveyor 
with the 0- to 3-inch raw coal. Feed enters the two main launders. These 
are repilated to make a separation at from 1.45 to 1.60 specific gravity. 
Material discharged from the first Rheo boxes in the main launders passes to the 
rewash launder, and the discharges of the second Rheo ^xes constitute the 
regulating material, fed back to the beads of the mmn launders. The discharge 
of the first Rheo box in the re wash launder is the final coarse refuse, and that of 
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the secottd Bheo box is recirculated regulating materiel in the same launder. 
Coal passing through the rewash launder is screeued at -ft inch (sometimes at 
I inch) on vibrating screens, and the oversize is crusb^ to H inches and 
returned to the head of the msdn launder. Undersize is added to the washed 
coal dischajged over the ends of the two main launders. The washed coal 
from the mun sealed'^iscbarge launders tc^ether \sith the fines from the 
re wash launder are delivered to two S-foot sizing shakers, making 2> to 3*, 

1J- to 2“, }- to IJ-, fr to and J- to -ft-inch sizes. The J-inch undersize from 
these shakers is rewasbed in the free^ischarge fine-eoal Rheolaveur unit. 

The free-dsschaige plant U essentially the same in operation as that pre- 
viously described in this chapter. A separation is made at from 1.50 to 1.55 
specific gravity. The fines are removed from the regulating material before 
it is returned to the head of the washing unit by means of vibrating screens 
equipMd with and i-milUmeter wedge-wire screens. These fines pass to 
the Dorr thickener. The fine refuse from the free-discharge washing 
unit is screened at 8 mesh by a vibrating screen, the oversize being delivered 
to the refuse cars and the undersize passing to the sludge pond. Cleaned 
0- to i-inch coal is partially dewatered in a drainage elevator and then screened 
on vibrating screens to remove the minus 48*mesh material and more water, 
which are delivered to the sludge pond. 

The 48-mesh to <i-inch cleaned cmI is dried by three Carpenter centrif¬ 
ugal driers which reduce the moisture content sufficiently to prevent freezing 
in cold weather. After drying, this material is mixed with the i~ to •^inch 
size from the washcd-coal siring shakers to make the No. 5 nut, or carbon 
size, for shipment. Drier effluent is screened at 48 mesh, oversize being added 
to tne drier feed and underrize passing to the Dorr thickener. 

The 85-foot Dorr thickener receives fine material and water overfiowing 
the fine^osd and washed-coal elevator boots, as well as the minus 48-meBh 
fines screened from the Carpenter drier effluent and the minus ^•millimeter 
fines from the regulating material in the frce-discharge plant. The thickener 
overflows clear water which is returned to the main head tank for reuse. 
Thickener underflow is screened at 60 mesh, the underrize passing to the sludge 
pond, and the oversize being added to the main refuse in the refuse cars. 

ANTHRACXTB PREPARATION 

Tbb Kehoe-Beroe Coal Company, Dubtea, Pennstlvanu.— This 
breaker is located in the Northern Anthracite Coal Field and receives coal 
from several different mines. The plant is typical of many recently built 
anthracite breakers in that the Chance process is used for cleaning, The 
capacity b 2500 tons per 8-hour day. 

The flow sheet is given dii^rammatically in Fig. 276. Raw coal is elevated 
and delivered to the No. 1 shaker by the mrin flight conveyor. The No. 1 
shaker is a double-deck screen, the upper deck carrying the lump and steam¬ 
boat sizes, and the lower deck carrying the broken and egg sizes. Stove and 
rizes below pass through both decks as underrize. Lump and steamboat 
are hand-picked on a reciprocating picking table, the coal passing over the end 
of the table to the No. 1 rolls for crushing. Broken and egg from the No. 1 
shaker together with the product of the No. 1 rolls are screened on the No. 2 
shaker which by-passes egg and smaller by the No. 2 rolls to No. 3 shaker and 
delivers oversize to these rolls. The No. 3 shaker by-passes stove and smaller, 
and the oversize or egg size may either be crushed in the No. 3 rolls or ^o 
by-passed as desired. All the coal, either egg and smaller or stove and smaller, 
combines and passes to the feed shaker for reriring and separation of the domes¬ 
tic rizes from the steam sizes prior to cleaning. The domestic rizes, egg to 
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pea» inclu^ve, form the feed to a IS-foot Chance cone, and the steam sxzea, 
buckwheat Nos. 1 to 4, inclu^ve, form the feed to a 10-foot square-top Chance 
cone. Operation of the Chance cones and their auxiliary equipment has 
alree^y boon described in an earlier part of the chapter. The various trade 
sizes of the cleaned coal are separated from each other and from the sand, 
water, and coal fines by shaking screens. The domestic sizes are loaded into 
railroad cars by loading booms, and the steam ^zes are delivered directly from 
their respective pockets into the care. Lip screens are provided to remove 
degradation from all sizes as they are loaded. The Up screenings are con¬ 
veyed back to the main fiight conveyor for recirculation through the plant. 

The simplicity and compactness of this plant are outstanding features, 
characteristic of Chance plants in general. The formerly widespread anthra¬ 
cite practice of washing all sizes in different units, using jigs and tables, for 
example, required much more complicated plants and larger bull din p, and at 
the same time did not allow so close control of results and bo perfect cleaning 
as are possible with the Cb ance process. However, j i gffng must still be counted 
as an important means of preparing anthracite, as it remwns the predomi¬ 
nating process in many plants of older construction. 

CoeTs, Power, Water, and Labor 

In considering these items it will be found that many factors are involved 
and \vido variations in data exist. The type and size of the plant and its 
location will have marked effect on costs and on the other items. Anthracite 
plants are generally more elaborate than bituminous plants and thus are more 
expensive to build and operate and require more power and labor. 

The author will attempt here to pve only miscellaneous data of a very 
general nature. The reader must understand that these data should be used 
for rough estimates only and that it is necessary to have the complete specifi¬ 
cations for a given plant and full information on local conditions before any¬ 
one fully experienced in construction and operation can undertake to make 

any exact estimates. . j i l f 

Table 107 gives original costs, operating costs, horsepower, and labor tor 
10 types of bituminous-coal plants. With the exception of the Rheolaveur 
and froth flotation, all have a capacity of 100 tons per hour which is not ven^ 
large for coal plants. In fact, Chance cone and Rheolaveur plants are rarely 
installed for capacities less than 300 tons per hour. It will be seen that a 
screening plant is the cheapest to install and requires the lewt horsepower. 
A Rheolaveur plant is also cheap to install, bearing in mind that the 
figure of $75,000 in the table is for 200 tons per hour as compared with 100 
tons for all others except flotation. The dry-table plant is the roost expensive 
to build, excepting flotation. It seem.« certmn that a 100-ton flotaUon plant 
with all tlie accessory equipment would be the most expensive to build and 
would consume the most horsepower. The table also shows that it is by far 
the most expensive to operate. The operating costs for a screemng and band- 
nicking plant are also high on account of the number of men employed. 

To a certain extent the figures in Table 107 may be apphed for other 
capacities A plant for 200 tons per hour will cost much more than a plant 
for 100 tons although not Uvice as much. Operating costs per ton wiU decrease 
somewhat for larger plants. Horsepower will probably increase nearly in 
direct proportion with the increase in size of plant. The larger the plant 
the more men required but a.s in the case of original cost the increase is not m 
direct proportion to the increase in «ze of plant. 

Five Midwest bituminous plants, four using jigs and one using cone separa¬ 
tor and Rheolaveur, have capacities ranging from 350 to 500 tons per hour. 
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The cost per ton of hourly capscily ranges from $350 to $570, and the horse¬ 
power per ton of hourly capacity ranges from 0.6 to 0.8. The costs do not 
include any drying equipment, and in some of the jig plants the costs cover 
only the washery and do not include the screening unit preceding the wasnery. 


TABLE J07.—COST, POWER, ANP LABOR PAT A FOR VARIOD8 TYPES OF 

BITUMINOUS PLANTS 


Typ« of PUot. 

SU%*4 

CapMity. 

*roA» 
p«f Hour, 

1 

Oriel ul 
Cmt. 

Op«r»tins 
CMt. C«nt« 
per Too. 

» 

Hor»« power 
Required. 

Number 
of Men 
per Shift. 


100 


, 3.0 to S.O 

20 

3 

Uiuy 

Aamaaia* ^tiA .. 

100 


4.0U»13.0 

60 

4 to 14 


100 

70.000.00 

2,0 t« 2.0 

XOO 

2 



7S.000.00 

1 2.0 4.0 

no 

2 



00.000 00 

2.0 (» 4.0 

120 

a 


lOO 

^rvrnwrm 

2.0 U 3 0 

126 

2 


200 

li.OOO 00 

2.0 to 2.0 

76 

2 

OkAftM . . . . . . 

100 

70.000.00 

2.0to 4.0 

160 

2 


100 

100.000 00 

2,Oio 4 0 

176 

2 

4lAeaikAf% Ififiliiilifkff AilAfLfU. ^ . 

10 

oo.ooo oo 

44 U42 

no 

2 






A general figure given for water consumption is 3 to 6 tons per ton of coal, 
of which around 90 per cent may be recovered for reuse. Similarly a general 
figure for power is from 2 to 5 horsepower per ton of hourly capacity with an 
average around 3 horsepower. 

Prochaska states that costs range from 3 to 5 cents per ton for amortisa* 
tion and interest, from 8 to 20 cents for operating, and from 2 to 6 cents for 
repmrs. 

Lincoln gives for 15 bituminous wasberies in Illinois with capacities ranging 
from 26 to 280 tons per hour, operating costs running from 3 to 18 cents per 
ton with an average of 10} cents. The construction costs for the wasberies 
proper ran from $130 to $583 per ton of hourly capacity and averaged $351. 
The smaller plants bad the higher costs per ton. 

Taggart gives various data as follows: For anthracite breakers the tons 
treated per year per man employed range from 5000 to 7000, and the water 
used where no water is recovered ranges from 0.63 to 1.54 gallons per minute, 
or an average of 1 gallon per minute, per ton of coal treated in 8 hours. One 
jig breaker treating 4000 tons in 8 hours cost between $800,000 and $900,000 
and emplo 3 rs 66 men per 8-hour shift. Another jig breaker treating 2600 tons 
in 8 hours employs 32 men per 8-bour shift and takes 272 horsepower. On 
bituminous coal a Chance cone plant treating 600 tons per hour employs 24 
men per shift and takes 460 horsepower; a jig plant treating 100 tons per hour 
uses 600 gallons of water per ton of coal but recovers 573 gallons of it for reuse, 
and this plant consumes 1.24 kilowatt-houm per ton of washed coal. A 
British Rheolaveur plant treating 100 tons per hour has an operating cost of 
$0,055 per ton. 
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TABLES AND OTBBR VdEPUL XNPORMATlOH 
B40CTAU>fT* or WsM*n AMO UoAAOtM* 


Ui»4lh 


1 oU* • 0,3»o 

1 foot » 1* inehM, ^ 0.SM79 aieUr. 

1 Inob - 3A.MQ5 o^inotAn. 

1 blLoBtUr - 1.000 iDMm. • O.OSIM bi!o. __ , , 

I B«Mr • 100 eoBlimoter*. • O.^OOgOf • 30.370790 
I eOBtlBAitr * 10 BiUlfSAUf*. * 0.393703 iMb. 

1 nllllBAUr • 0.030371 ineh. Sut/4*4 

i anUAM VApd • t MUAM fcAt. * 0.33310 AaVAM BAtAT. , _ 

I MUM* l<»t - I4J%0MA iftAbM. ■* 0.2000 BquAfA dAAimAtAi*, » 020X0 BaMm€l«r*. 

1 MUAfA iAoh - 3.4614 wtrAAAfttimAiAi*, 

i Bss 'rs - 

1 MUarA CABtiBAtAT - 100 MuMA BlUlMiArA. • 0.13601 AquAfA taob. 

1 iquBtA bIIUbaIaa • O.OOliM AquBtA iMb, 


Ta^wbm 

I cubiA yard - 27 mOIa (AAt. • 0.73431 MbU baIac. - 301.07 {bUom. 

1 oiblA^Mt ■ 1,723 cubic iatbAA, - 0X33ll6Aiib4A laAMr, • 7,4306 fallABA, 
1 auWa iBAb ■ 0.017313 AUAct. • 13.333 aaWa euaUBAMB. 



■ 23.8163 litAB. - 80.022 quartA. 


cubic iachcB. ■ 


0.33419 nUoB. « 
•Ter « OX 


] cubic CCBtiBAl 


1 0637 qaarU. 

0X31027 cubic lacb 


bll 


WtitMl 
». Tbla la 


1 too • 2.000 pcUMla avdrdupoic. • 907.19 
oibrrwlAC ApAciSAd. 

1 loBA Cob * 2.240 aouada avairdupoic. • 1014.06 Ulaa. 

I Doubd avetrduvBA • lOouaeca avotrdupM. « 0.46360 kilo. - 7.000 craioA. 


eba ton uAcd tbrouabout tbU book ualcaa 


ouocA and pouM an uaad aaly w f3d and aflrAt aitdotbAr praBOua iMlala. 


laly IOC calO 

i mol rio*lon*'™ 1.000 2204.33 paunda aertrdupo^ *”*• * O*®**' Ion* ton. 

[ U.4I». . 1.000 

I millisTAin • 0.016438 crala. 

Na».—Thaa# &<uraa ara aU far water at lU BajdBum dAaalty, tbat ia. at a tAmparatocA at 30,3 dAptara 

I cubic foot ol water « 33.425 pouada. « 23.8163 kilaa. 

I cubic ioch of water - 0 033186 pound. • ■ 13 833 ftaiaa. 

1 pauad If water ”c?i{oi9*ciSa foatf*- 0.4R85"quart, • 27.331 cubic laehaa, - 0.46360 lllar, 

1 faJlOB at water • 3.3443 pousda, 

i at’trf^iIiSrrL^lVur" - 0.036317 cubla foot. - 31.027 cubic iaebaa. - t .0637 quarta. 

‘ It BB-tai- about 3.44 pernot of aollda (of which 

*’*?ye*%CT*q?Crtat'te*Ll’ke. Utah, ia 1.170 timea aa heavy aa pure waUr aad eonUins 22,48 percent of 
aelid*. 

Dead Sea water ia 1.172 tiinca aa heavy aa pure water. 


PewB 


0.745041 kilowatt. 


1 beraa^ower * 33>000 roetstoaada per miauta. - 4,632B3 kilo«raR»<4nAtAn per mianta. 

I Betrte l!orAAS>^r^ IS* peuada per coioute. • 4.500 kilofraB-Betera per BloutA • 0.735750 

kilowatt. ■ 0.93384 h m a e ^p o wei. 

^caeure 

1 atmoaphcTO • 730 millimeter, or 89.022 inebea of Bercury coIucdb. - 10.883 metAra or 33.901 feet ©f watrt 
column. • 14.393 pouada per aquafuiaeh. • 1X1383 kiloa pet aquara ecnUmelar. 

1 pound per aquare inch, w 0.070310 kilo per aquarc centimeter. 

1 Ulo per aquore centimeter w 14.888 pouada par aquara iacb. 

* TakAB from C. Heriaf. Table of Equivulenta of Unit© of MeaBunment. 
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AJafnifium. 

Afttimofiy 

Ar|on.. 

Ar*«Bi« .. 

Barium . 

BtryliiMin 

BUmutb 

B^on . 

Bfomint 

Cadmium 

Cftleium 

C»rbon 

C«nun* 

C«*ium . 

CUonni 

Chremtum 

Cob*H 

Coluntbium 

Copptr 

Dyiproiiuir 

B^um 

Europium 

Fluonn« 

Oodolinium 

Oiillium 

Oorcnoftiuin 


«A PA 
144 77 
SO 1A< 
6A.09 
14 0116 
190.3 
10 0000 
100 7 


Ph«»plM(u« 
Plalihum 
pMMaiuns 
Pru t odyoiiui 
PrMaetmiuni 
RoAiuB 
{a Aon 
Rhafiium 
RbodiuB 
Rubadiutn 
R«|k>Mkium 
44Ban««A 
l^ndium 
Manium 


Ul«MI 


Hafnium 


Kolmium 

Hydto<*n 

Indium. 

lodina 

Iridium 

Iron.... 

Krypton 

LAfithanum 

Load 

Lilbium 

Luteriiim 

Macnniiim 

Manfarif«e 

Mmury 


I.OOil rbolbum 
114.70 ritOAuB 
m,9S nulmm 
iM.i r«» 

SS M riUOiuB 

os 7 ruAMan 

tW 9S Uruiuum 

307.31 VMAdium 
«.940 Xmo* 
170.0 YtUrbium 

34 33 Vtinum 

54 93 3«n«. 
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Elemant. 


Etamant, 


Waifbt. 
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TABLE 109-— BPECinC GRAVITIES OT MINERALS AN© COMMON METALS 


IMT 

14} . 246 

3.a» 

UTS -14.1 


AiklAlM. 9(Pb.Cu> >S.Bia Sa 
Albcnilt. 

Albiie. N»AlS4aOa. 

Alumiaus. AJ . 

AvaJott. Actrisa. 

n ii: 

AftdaluBle. AI»SiO».. 

Ad4o(m, aN*AlS(iO«. 
•iC»Al»Si|0«.. 

a ««te. PbS^. 

^rit«. CaSO«. 


: l/ = H 

, <l^&>Ai;^b,H^OHjb".: ,i|4 - IjJ 

•{£-. 

^;S, r 

|« = If 

-FatiO^FafO,. 4 6 — fO 

?* ' . iUi 

umiiwO* . 16.6 -21.1« 

. 7.M 

;'K’i4Ai;(6H>w^»6;);'.. 2.6 - 24 

1.6 — 4.0 

4.6 — 6.0 
3.0 — 3.12 
6.1(4— 6.180 
8.0 — 4.03 

9.30 

4.30 — 4.40 
4.36 — 4.00 

13.606 
6.1 — 6.8 

6.3 — 6.06 
7,0 — 7.36 

4.7 — 4.8 
3.76 — 3.0 
0,60 — 0.764 
7.53 — 7.67 

8.0 

2.46 — 3.67 
1.0 — 28 

3.4 — 36 
2.467 — 3.610 
0.86 — 0.90 
11.3 —114 

i(SI04)a .. 278—216 
k«u IrcuD 

. 3.8 — 2,36 

. 2266 —23.84 

. 14.0 — lO.O 

. 21.60 

. 8.0 — 6.3 

. 2.80—3.96 

. 6,67 — 264 

. 8,7 — 4.7 

. 6,77 — 6.84 

. 4.06 — 6.10 

.. 4.83 

,. 26 — 7.1 

. 3.3 — 26 

. 4 $8 — 4.64 

. 2.663— 2.660 

3.660 

. 246 — 3.60 

. 24 — 268 

4.18 — 4 26 

29 — 21 
3.S0 — 2.66 
283 — 3.86 
10.1 —II.) 
10.63 

6.4 — 26 

4.30 — 4.46 
3.0 — 21 

3.5 — 4.1 

3.18 — 220 
3.86 — 3.75 
7.60 — 7.80 


aa«iscS73i.:r;;M.ic6; 

Asorthite. CtAJiSMN . 

. 

Aailmonv. Sb. 

Apaili^ iC*»PiOi+C*F|.(?»Oi _ 
Ape^yUlic, HfKCk«<5l(Sl|4'HI 
Artfeniic, CaCOa. 


Arteaiit*. AcaS 
AncAk, A» ... 
AmiMlirc^ A»^ 
ArMBOprntv, r 
Ajpbkltua ^ 


Auomi tt. CvCla. lCu(OH)a 


m UimHu. 3feaP»*8H|0. 

4.4 . 

UacsAuH. 3 uC09. 

F«0.P«]^. 

4.3 U«ImU(«. . 

MiSAAUr M«O»Ha0. 

21 MarcMke. F«Si. 

. . M«Otf7. R(. 

£1 

84 3l«M«nt«. AaKAWSlOih. 

4.01 NapMhA. 

1.3 Nk««liie. NiA6. 

MHBAiaiO^'CAAi^iOa 

7.1 OnCThM. StS^O. 

7.78 0««(«nt« . 

2B7 PaOadhuii. Pd. 

PMoffo#!*. (H.XXtl 

2874 PtolW. IlydfwB AlK^ 

214 aitcniM . 

26 Pla(iawHU«m. mPUlr 
23 PUtiMa. Pi. Nalive 
23 PUiiayto. Pl. Pwe... 

284 PnraM<i«. A6>A*& .. 

2238 PiilaaieuM. H«M»Oa 
237 Pltaityriw. A^SbS* 




ChrgoiiU. reOiOa 
Cbrgaiym. Cr — 
Cbrytotorri. BcAI«( 
CboMCoUk. Cu$iO 
ChrTMlite, (b{f,F«] 
CioAftbar. 

CliMcblort, Haldfa 
CaMi, Co. 


Pyriio. F«&. 

Pm4»tc. MaO«. ... 
PyraMcrpWt*. 8P^| 


W ♦ ♦ a • * 

CoMiUe. CoA»$ 
C<4ua»W% (Ff.Mi 
Copwr. C«i. Nahi 

Crycdlic. 


RS 

Pmbotke. F< 




M«CO« 


4.10 
21 
20 
216 
267 
3.0 
2626 

29 I SiiiAliiiC^OAAa, 

7.75 Smilluoohe. ZbC' 


RbodcMic. OlaSiOa.... 

RoiUe. TiO, . 

Scboditc. CaWO«. 

_ . _ 


. 

^ton*iL 

Di*fD<Ad. C . 

Diiapora, AbOaiIjO .. 
DekcaiUk <^MfKOt 
DcAMyUtc. Cm»A*- 

filaeirsira, mAumA^ ... 
CnAjfite. Cu>4aS4 . . . 
Epid^7UC4a(Al,F«)^ 

M\jedt«t CaPa. 


19.3 SpbaMie. (BMcT ZoS. 

246 SpiftcL. 3l|AljO<. 

26 SpoduMoie. lJAlI5a(^^. 

I Suacoliie.ll^Fe.McUAl.Fe),4i„0» 

22 s Sled . 


' Tbc miaefab are lakoa froiB E. & Daaa, ''SvateoD of MiaecAlocy.” tbe eaetale froia Landolt>BdrneteiM 
"Phyaikalui^o CbeoaiAebe TabaUMu** 
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cnvit/. 

. • * “ 

6bifl».. ..... _ 4 52 

$Ulb)U. H«(Nh(>'«)AWm«Ow+ 4U|U . . l.«H^ 2.206 

fVMiluile. SrCOs . lOOO— 1714 

Hpbur, S . IfT ^ 2.4» 

\S = H 

TtnorUe, C«0. lJU— 6.22 

Tephrolie. liU^O^. 44 ^ 4J2 

rttniy^it. %T«.S)i . 7.2 — 7.6 

T«tniK«drkt. iC^S^. 44—11 

Tla, $a . ?J6 

Tii4Bltc, C4TISiO«. 14 — 126 

To(»i.1aI( 0>»] AlSiO. . 14 — 16$ 


6p«oifi« 6»vfty. 


Twihe. SP«# 0 »R 70 . 4,29 446 

Vd«WiUM, ihiOa . 2.$M 

VivuBit*. FcTl^-t-aiaO. 2.6$ — 2.9$ 

Wad. Impura bydfous onde el maa* 

jaooe. J.O — 4.26 

WTIkniicc, Zb^«. 149 — 41$ 

Wiib«n(c. BaCOi. 4.29 ^ 4.36 

WeUnmite. <Fc.Il&>WC«. 7.2 — 7,6 

Wfem^ IrtA . 7.79 ~ 7.8$ 

Walfeail4 PbMoO*. 47 — 7.0 

Zaniite, KiCe»2NK0llVl‘4U|0 .. . . 247 — 2.69 

Zinc. 7 . 1 s 

Zmaie. ZaO . $.43—2,7 

2lfC«, Zr$i04. 466 — 470 


WCMCT 09 Bu»KS«« Oao 

ni« ia loiperUBt ift fiiani^ ler a bill aad ia eonpariao •ark ai Tarieua piMe*. For eiaoiale. la eatlnatl ac 
^Vmide»4*(urwdJ »6ekiB€Ty, 4ba speeittc tnvtty ol tke oto, or la olker word*, ita volume, muat 

Tbe of a eubie (oot of eniebed roek deoeads oa tbe naaaer of eriMhiat. A« a ml*, the fleer it la. the 

A oi>i4iir« of eparwaatf flaa vU) «Hcb mere per ««bie foot thaa either eoarae or flae eeparateiy 
Tbe weiiht e( eoarM ore Mr eubie foot may be oalculaled from the volume of the akip or car aad the weight of 
Ita eoaUoto: for Aae etuff a lUUe boa boMiac aiaotJy oae eubio foot ie to bo reooDmeeded, 

Veala e r^ (probably for ore ervabed f Jrly fiae) la ibat tbe »ei)Si of mi ted eoareo aad Am cruahod oro le 
27 peretat of the aeiibt of uamuobod ore. or tbe eolume ie iacreaaed by erMbiac. to oae aad tbree*(ourtha timm 
tbe volume of eolld roeb. Tbe rpemfle ^vfty of fale«a to 7 $ aad Uat of auarta ia 2 62, Thea the apeeifle 

K avlly of aa ore eoatal^t 16 Mreeat taleaa aad fl$ perMat auarU before rrwahiec. weuid U 01$ x 7 $ 4 
66 X 9 62 Of 2.321 The relative «ei«li«. after ereebiaa. voaM be $7 perrebt of 3 236. or 1 9. Takiai Ibe 
aeiabt af a eubie foot of water aa 62 $ poeada. thea tbe miebed oae would weisb 62.6 X |.» or 116.7 pounda 
Veaib ealimated that ooe eubie foot, after bela| eruebad to about Idaeh alee, would wejah 00 pounda. 
or there would be 32.9 eubie feet per toa. 

Kirby itatea that oree lo place are full of email fraeiuree aad may bo epoacy or Mroua ao that they will not 
weigh aa much aa aolid eoapaet aaeelmena of ntaeral. Hia flgurea are glvea la Table 66. Oaidltod oree ia 
plaee caooot be well ealeulatrd aad tbeir weight ebouM be deternaiacd ia eaeh eaM by actual teat. Broken on 
oa dumpe ia pieoee tao Aat from (he ei »e of oae'e bead to gravel ooatataa from 3$ to $0 Mreent i aUreti tial apacer, 
that ia. the welgbt of tbe brokea on ie from 60 to 6$ pereeot of tte woigbt of tho on ia plaee. 


TABLE 110.—SIRS V’S 

VALUE FOB ORE IK 

PLACE 



Wefgbt pet CuUc Foot. | 

Cubic Feet pe^ Tea. 

MamrlaJ. 

Tbeoietkally* 

Fouada. 

Pructkally. 

Poinds. 

Tbcorelkally* 

PnctUally. 

Oeleaa. 

41$ 

496 

mm 

4,7 

7.0 

$.$ 

7.6 

6.4 

19.6 

120 

12J 

Pyriie . 

213 

286 

Blende. ... 

Remetite. 

Llnooiie. 

MO 

202 

12$ 

23$ 

967 

912 

M 

Eielonite. 

I7& 

160 

11 4 

liiDeatoac aodetlie. ayc^tc. 


1$4 

11.9 

\’ela quant, (naite. aad granite lockt. 


146 

11.9 

Cay. quena. pofshyrr. trmkyiea rbyohio. etc. 

Vela quena with 16% galeaa. 

Vela quacis with 16% pyritct . 


126 

164 

160 

ISJ 

10.7 

11.1 

143 

19.3 

19.6 

Ve« quana with 10% aemaliic. 

176 

12$ 

11.4 

13.9 


* Caleulated from average apeeifle gravity (or pure unaltered apeolmeo*. 

MeDoaald’i Agurea aN giveo lo Table 86. Tbeaa valuea are probably lot ore aa It eomea to tbe mill. 


TABLS 111.—MCDONALD'S FIGURES ON WEIOST OF ORE 


I Waigbl per Cubic Foot. | Cubic Feel per Ton. 


hSalerial. 

la Pba. 

1 Petads. 

Brokea. 

Fouads. 

In Fbce. 

Broken. 

Creaile sad porphyry. 

— 

07 

11.8 

20.6 

Cacisa. 


06 

11.0 

20.8 

Cccentionc aad trap. 


107 

10.7 

16.7 

URMsioec. 


06 

11.9 

9a8 

SUie. 


96 

11.4 

214 

Qusns. 

Sandtioac. 


M 

19.1 

21.2 

121 

86 

12.2 

m 

Canh in bank . 

111 


16.0 

Eorib do aad loose . 

94 

27.0 

Clay. 

11$ 

80 

17.0 

96.0 

Seed. 
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Mn.». PosKVi^ Airft 

C>r(utei<M Umd i» Cl«**4 Cm-u —Iq clowd*eir«uU cnwWof ■» wJb 
ov*r»ti« or b*U »iU produce coia( %9 elaasiSer wbi«h ret«»B« Moda to b*U mill, tho tooooge reeurnea 

5^.*i*'fSr2i‘£un55r,.^7i o. u.., I.....»».. P- h«T. Thi. 1. .1.. ... 

fioiabad preduet IrotB elamid^ everdov; 

V a loiia oaoa returiicd from clsMiAer m oamo time (eireujatiap lOM>i 
■ 4> « M ton* tube mill diaebMpe or eleatifter feed; 

^ ■ meul *M«y or pereeat tbroucb apy ■»»« <«|*y l«^«eb> m Ibe * 4- > tea* of «l**»»Ber uta. 

6 almilor essay or screes else for the s tens of eUsanw ov^^ew; 

n.i r.ifiVc.TT.ruf u «u...t .k. mci .r 

fivsa siie lo the t«ro olsssifler products, or (a 4* y)o » m 4* y< 

*(h - e) 

y • ft . f 

Sertmint fipUicwy.—ElDeUncy of * eer«a is the pereestM* *»»*» ‘^e srtoel uadersite li of the true 
undersiM. 

Lot 9 • tons feed; 

V •» tons ectuel uodsrsise; 
s » tens eetual ovenlae, 

4 « Dsreest true uadeieice ia feed: 

6 • ssreoBt of raeterlel lo the ectuet orentse that 1* tme uadersise ... 

Then a * v + * 

SubetituUni value of r from (11 ia Of) v* c*i: 

*I§o-» + ‘*-»>i56 

V 4 > h (ij 

whesroj- 


l^ereeat efflcieaey of aerseeinc * 


•tSd 

of *ubstitut(a< from (I) • 


100 


/sirertien and ITahs s/ Conrrnfrelfea.—Ratio of coneeoifatioa k the »Uo pf ^ 

M. Percestsge of eatraclioft is the perceaUga that the metal or valuable portiea la tho eonsentrsto *s of the 


Mtei or valusbie portioa ia tbe feed. 

Let a - teas of feed; 

y ■ (eos of coaeaatrata; 

* * tens of tailiog; 
a « assay of faed: 
b * assay of ooaeeotrata: 
s assay of tailing: 

Thee a • y + * 
and 4* • by ^ cs 

R4tie of eoaeaatraUea ia • 

Percentage a I traetioa ia ^ 100 

If era taka tbe value of s(« a > ylftoa (llaadeubetUateltforsta (S) waget: 
os • 6y -f c(a ~ yl 
a h - c 


Of r 


li! 

01 


(4> 


(.'i 


y a - e 

This sbo»a that ratio of eoneeatraUea stay be ealculated from asoaya 
aatraotion. for if wa take tbe value el • from (b> aad aubetitulo ii la (4) we get: 

b(a - <{' 


This •• also true of percentage of 


Percentage estraetlea * 


100 


It Is to be understood that thesa aad other formula* have a b«*d apolieatieo m eslculatiag tonnage a^ 
that instead of havtag a, b, and e rapcaaent aaaaya. they may aUad tor mulU of screen 
peresatage Chat paasea a given sereea #*ay 1 oia 1 aad remain* on aneihtt setecn (aay 0 ftoiro,). Or in dea..ng 
sritb pulp# 4 may ba the pereent selid la the feed to ao aoparstus eyh so a table, or elassifler, or a Ihickcncr. 
while b aad s repreaent reapeetively the petevM eoUd ia tbe two nrodueU of the eppatatus. _ _ . 

Per>auls* for a eoadltioo where a msMiing pr^uct or two grade* of eeoceatrate products are made are iih re 
roMlss. as follows: 

Let a w tons feed: 

y w tons concentrate; 
t m tons tailing; 

w w tons middling or second eouceetrate; 
o w assay of feed; 
b a assay of concentrate: 

< w assay of tslUog; 

d w assay of middung or second eoneeatrato. 

Then z w y ^ s ^ w 
and oz w oy + ci ^ dw 

Percentage extraction 1* ^100 
az 


Ratio of eoneentration ia - 
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■ubaUtuttof from tb* finfc eqimUoa into ibe ■teoaJ abd Mlviac» varioua equaliooa may b« worked out 
, . y(b - o) -b - o) 

* . - O + ~ «> 

• - « 


Poreont estroeUos 


bt<« - «> 


JOO 


oyfb — e) + o»(d — «) 

It may happen that tb« oro coBt^na two diflrroot otelalo and that two difforont ronerniratca ara made, the 
Brat eoBceatrote bring rich io a metal .V aad lb« aeeoad eooeoatrato rich Ip a mrtal N. 


Let a w toM feed: 

V ^ tooa Ant eoaeootrate; 
t • tooa tailing; 
tf w tone aeeood eoDeoatrata; 
a - aaaay of m«ui U ib fe^; 

« * aaaay of metal if ib 8nt eeacaotrate; 

« ~ aaaay of metal U ib tailiag; 
d w aaaay of metal if ib aeeobd cimeeBtrata; 
« - aaaay of meul Jf ia feed: 

/ * aaaay of metal N la Ant cooeeatrate; 

t w aaaay of metal N in tailing; 
w aaaay of metal S la aeeoad eooeebUate, 
Then * w a ^ a 4- w 
oa w op + «a ^ dw 

Pereeatage eitraetien of metal if la ^100 
Perceatago extnetloa of atetal H la 


Ib tbe oaie of a mill uaiag a dual proeeea eueb aa oeneeblraiJoa followed by eyanidlbg of the aasa aad aUme 
tailibg aeparately: 


Let a ■ toba feed to eooeeatratlob: 
p m tone eebeeitlrate: 

I w toba tailiag from eoaeeatratlob; 
t w toba aabd tailibg eyaaided; 

« ■ Iona bUme tailiag eyabided; 
a ■ aaaay of feed to eoeeoatratloa; 
b w aaaay of eoneeatrate; 
a ■■ aaaay of tailiag from eoneootratiab: 

4 • aaaay of aaad tailiag before eyanUUag; 
/ ■ aaaay of aand tailiag after eyaaidiu: 

I w arnay of alime tailiag bafora cyamdiag: 
w aaaay of alime Uiliog after eyaaidlag: 
Tbea g w y + a 
a w f + « 
aa w by ^ ca 

<a w « >f gH. 


Ratio of ooaeeatratiob ^ ^ ^ 


hi. 


Pereontage eitractioa by eobeebtratioB ta ^ 100 

P«re«Dtage extraetioa by eyaaidiagaandaia or 

Perccbtago ostraetloa by eyaaiding aUmea ia *\ 00 or ^ ^ e)^ *NoO 

Tbe total ealraetioa will be tbe eum of tbe three aeparate ctlraetioM. 

Ca4(»laJinp Tenn^ee er Piwiaan from SptHM Crenfice.—To deterb^ae the pematage compoeenta of a 
aeiature kaowibg tba epeeiOe graritiea of tbe mi&ture aod of each of tbe two compooeole; 


Let B ■ epecibc gravity of miature: 

b ■ epceifie gravity of firet eompooebt; 

< - apeeifie gravity of eecoad comMaeat; 
a w (wreebtage of firat eomponeai^ iraigbt: 
y w pereentage of aorobd rompoaent by wai^t. 

Tbeb w Volume of mixture: 
a 

7 • volume of Ant compooeat; 

a 

^ m volume of aooobd coapoaent; 

t 

g + y w 100 or V w 100 ~ a 
100 g . a g , 100 ~ g 

T"f+7"S+- 


or g 


100 b (o - e) 

a<b-e> 


e 
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AppJyioi forttuU u> pulp*t 
a - sDeeifio of deoaty o^ P'dpr , 

t: SIK iSS'»i¥^(i fi. u..i.««i lo. ..luuo-); 

s • por««B( aolidi Dy wcieht; 

p m p«reBiit Uduid by w«icbt; 

^ ^ 100fe(o - e) 

It (h€ pere«Qt««a by ToJgma in aa ®» minujo or • pulp ac« d«*i»®d ioaMad of by w€j*hl. the lermula la 
ftinplor. 

Ut « ■ ipflAifio fraviey of i^xtuyo; 

6 ■> ap«cifle cravity of arat eompoaoat; 

0 m opoeifio gravity of toeond oompooent: 
p m por«ent <d dnt eoopoMat by vaurne; 

H m pereont of aeoond eompopoat by voluao 
Tbon s + v«l00ory«l00-a 
«d XOOS - *. + ey- 6. + «a00- »I 
100(« - «> 


or 


a « 




la tbo ferogoiag formula* ^*y b* kaowa ood h “*• 

ro)*(iv» preponloa* 


Lot 


a voJuaio of flaal mixturo: 
y • voluen# of flnt oempoMat; 


t m volurno of ooeoad eocnpoMat: , . 

a • opodde cravity or doaalty of fiaal nJsUiM: 
h • opodfle gravity of 6rat oonpoAOBt; 

« • ftpoolft* gravity of Mooad aenpoaont. 

Tboo a»a + *or»^»-y 
and oa ■ *y + r». 

By oubotituliag aueoeoalvoly tbo vali*a* of *, ». and r from tbo Srot oquatlon Into tbo toeoad, wo got lao 
following: 


j a ~ which give* tbo voXumo of oMoad eontpooooi la torn* of y. 

• a ~ wbiflh giVM final voIubo of nlxturo. 


p m wbiob glvoa tbo rolttma of firai «o«pooont 

g • ** which give* voluiao of toeoad compoaoBt la t«rma of 

l/t$ «/ Stnta AnatVM fa Cakalmlinp foaMorj —Tako Ibe caM of throe ‘i?*!! 

atwatABt aiflM Af fitAtAti^ oed Bobina tallioa* i^lcb eocne to a oommoo point. Tbo total tonaago of tailing ic 
££^0 but U iJ d«‘5S U fforthelmw Uiling mado by S. «t two 

whteh will aivo oa ovcriiao fro* ooly tb# tailing «J tbo coaroor laWe, wbllo tha Baer w»U *®''**®®/,*^*5 
rvmi.rirom aU th?.a UiUap. M.Jo cidag oa d! Ibroa t.^ *«b Sf IM 

uiUag. To tako a epoolfio oiaaplo* let «■ aecaino that tho aorooM ekoaoa woro 80 moab aod 100 moeb. 

Lot 100 • weight of total tailiage: 

a • weight of tailing of ficot table: 

H • weight of tailing of eeeoad taMo; 

« • weight of tailiag of third table: 

4 • pereeat of flrat table tniUoa oa 80 meab;, 

6 m percent of aeeood table tatllng on 30 naeb; 

« •• pereeat of third table tailiag oa 30 meah; 
d w pereeat of total tail! age on 30 meab; ^ . 

• • pereeat of firet tablo tailiag through 30 oa 100 Jacob; 

/ • pereeat of oeeond table tailiag through 30 on 100 BVb: 
e m pereeat of third table tailiag through 30^ lOO Beah: 

I ■ pereeat of total tailinga through 30 oa lOO meali. 


AwuBa that ft * 0 end e 


Then * + y + * 
aad lOOd ■ oa or « 


lOOors ■ 
lOOd 

• 

aad lOOft * e« + /y + 9* 

By aubehtuUng ■"<•! solving wo get: 
lOOoQt - 9) - 100d(< - e) 

IdtMf lOOdC/ - a) 

»(/- p) 


lOO - a - y 


c • 




Il.&il 

10.791 

9.U3 

I.OU 

^090 

7.119 

&I7I 

O.OM 

Ittl 

91U 

i|79 

4.101 
t700 
9.401 
9.049 
97M 
1419 

9.101 
1.939 
1.991 
1.479 
1,14«9 
1 . 0(10 
0.9000 
0.0001 
0 7499 
0.9ICI 
0.0990 
0.9941 
0.9907 
0.4702 
0.4101 
0.90r 
0.9409 
0.9111 
0.2997 
0.2009 
0.3419 
0.3900 
0.1109 
0.1091 
0.1400 
0.1970 
0.114$ 


TABLE 113.—TYLER STANDARD TE8TIN0 SIEVES 



MiUimcten. 


M 07 
10 09 
19.99 
t.499 
fi.BOO 
4.099 
9.997 
3.962 
1.651 
1.168 


MMb. 

Millimeter*. 

20 

o.m 

28 

o.m 

95 

0.417 

08 

0.205 

65 

0.208 

100 

0.147 

tso 

0.104 

200 

0.074 

270 

0,053 

400 

0.099 














17.490. 

17.M9. 

19 . 741 . 

19.0)0. 

19.794. 

20.991 
21.401 
21241 
29,097. 
29,990. 

94.991 
2S.729, 
29.933. 
27.540. 
29.501 
29.401. 
90.494. 
91.424. 
99.429. 
99.49L 
94 491 



























M.m. 
no, MO. 

404.»0. 

4U.(70. 

4iMao. 

4».l40. 

4AMX 

440,M0. 

4«4ra 

4M,Q«. 

4«».4ro. 

471 . 37 & 

470.130. 

4ia.oio. 

4M.0I0. 

mm 

ou.m 

010.870. 




OTflTO. 

Oll.ttO. 
































6 ’ 



976.91 
989.60 
K00).8 
I 017 .9 
1.038.1 
1,046.3 
1.000.7 
I.078.J 
1.089.0 
1 104.0 

1.119.3 

1.134.1 

1.149.1 

1.104.3 
1,179.8 

.194.0 

.310.0 

1.336.4 
1,341.0 

0 
4 
2 
2 
8 
4 
7 
0 
4 

1.402 



3 
0 
9 
0 

1.772.1 
1,790.8 
1,809.0 
1,847.0 
l,l«S.7 
1.924 4 
1.963.0 
2.00.10 
2.042.8 
2,003.1 

2.123.7 

2.104.8 

2.300.2 
2.348.0 

3.290.2 

3.333.8 

2.378.8 

2.419.3 
2.463.0 
2.007.3 
3,051.8 
3,030.7 

2.642.1 

2.687.8 
2.734 0 

9.780.5 

2.827.4 
2.922.0 
3.019.1 

3.117.2 
3,317,0 

3.318.3 

3.431.2 
3.035,7 

3.631.2 

3.2M 


938.880. 

947.910. 

956.710. 
690.870. 
970.030. 
684.32a 
993.99a 
703. loa 
7i2.ua 

m.ooa 

Toi.oaa 

741.300. 

791.100. 

790.940. 

779.710. 
7»04l>. 
790.080. 

800.940. 

810.710. 


831.100. 

841.430. 

801,800. 

892,190. 

872.710. 


893,80a 
•04.S10. 
910.220. 
929.000. 
938 900. 
947. no. 
958.04a 
964.07a 
980,970. 
992.190. 
IA3.400. 
1,014,700. 
1.029. loa 
1.087,000. 
1.049 000. 

i.ooo.ooa 

l,072.30a 

1,083.900. 

1,090.600. 

1.1Q7.400. 

1.119.800. 
1.131.3oa 

i.ia.soa 

l.l50.40a 

i.io7.eoa 

1,191.900. 

1.210.60a 

1,241.000. 

1.260.800. 
1.292.800. 
1417,90a 
1.243.90a 
1.370.10a 
1.396.00a 
l,423.40a 
1,400.300. 
I,477.00a 

I.ooo.ooa 

1.032.m. 


I.089.00a 

l.6I7.0Oa 

1.646.300. 

I.670,30a 

1,704,60a 

1.734.l0a 

1.703.90a 

1.793.900. 

].624.10a 

1.880,00a 

1.947.80a 

3.011.100. 

3.070.00a 

8.140,80a 

0307,300. 

3.374.00a 

2.343.00a 

3.4a.9oa 


3,648.0 
3.909.2 
4,071 S 
4,180.4 


4.417.9 

4;s3e.o 

4,606 6 
4.778.4 
4.901.7 
0.029.0 
0.1030 
0.281.0 
0.4108 
0.041.8 
0.074 8 

aooao 

0.944.7 

1083.1 

9.221.1 
0.801.7 
0,003.9 
9,047.6 

9.792.9 
0.939.8 
7.088.3 
7,238.3 
7,369 8 
7.543.0 
7,097.7 
7.804.0 



30. 
11 . 122 . 
11.310. 
11.990. 
12.071 
12.409, 
12.808. 
13.273. 
18.680. 
14.108. 


10.837. 
16.281 
16.742. 
17.203. 
17,671. 
18.141 
10.627. 
19.111 

19.907. 

30.106. 

30,812. 

21,124. 

21.941 

22,197. 

22.091 

23.336. 
23.779. 

24.336. 
24.880. 
35.447. 
29.016, 
21590. 
37,172. 
27.761 


2.483.901 
3 084.300. 
3.686.800. 

3.700.300. 
2.774,ya 
2800 801 
2 926 801 
8!o04.300. 
8,083.800. 
1192.401 

8.242.901 
3.324.000. 
3.407, loa 
1400.700. 

1070.300. 
1061,000. 
1747,000. 
1830.301 
1923.900. 
4,013.000. 

4.104.300. 
4.190.100. 
4.208.800. 
4.362.000. 

4.477.300. 
4.073J3O1 
4.6C9.600. 
4,767.000. 
4,806,400. 
4.906.201 
0,007.100. 
8,109 MO. 
0.271,801 
8.370.701 

6.400.600. 

0.086,400. 

0.093.300. 

0.001.300. 

6.910,200. 

0.020,201 

6.131.100. 

6.243.100. 
0,356,100. 

6.470.300. 
6.080.101 

6.701.300. 

6.818.100. 
6.936.100. 
7.000,000. 
7,170.601 
7,200.800. 
7,041.900. 
7.791.0CO. 
8,044.001 
1301.900. 
8,003.200. 
8,029,000. 
9.091701 
9,872.201 
9.649.700. 
9.931.600. 

10217,001 

10.007.001 

10,801.000. 

11.099,000. 

11.401.001 

11,707.000. 

12,017.901 

12.331,000. 

12.650,001 

12,972,000. 

13.296,000. 

13,628.000. 

13.963.001 

14,301.000. 

14.644,001 

14.990.001 

15.341.000. 

15.690.000. 

11055.001 

16.417.000. 

16.784.000. 

17.105.000. 

17.030.301 

17,909 001 
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Dlaa«(«c 

lacbca. 

Am S^iuic 

1 

Am SqoMv Bin, 

DUflwlCT 

IbcW. 


SBsSH 

IW 

1»2 

IM 

IM 

]M 

300 

m 

204 

206 

»8 

SIO 

212 

iU 

a,S6X 

2S.M2. 

29.6M. 

».17L 

30,721. 

3L41A 

32,047. 

3S.68& 

38.339. 

38.979. 

34,686. 

36 . 299 . 

36>966. 

18.2B2JXI9. 

I6.«7»,000. 

19,070,000. 

I9.4MAI9. 

It.666.000. 

20,369.000. 

20,076.000. 

21.007,000. 

21,602.000. 

21,98,000. 

22,344,000. 

a.774.000. 

28.303,000. 

2J6 

216 

220 

222 

224 

2» 

228 

230 

232 

224 

228 

286 

240 

20,644. 

27,226. 

26,018 

86.706. 

89,408. 

40.116. 

40,628. 

41,646. 

42,373. 

42JI0$. 

48,744. 

44,466. 

46,329. 

lllllllllllll 


TABLE 115.—QUARTZ DlAMBTERfi AND VELOCITIES FOR COMPUTINO BPIQOTC 
BORTINO COLUMNS. POCKETS, CONES, AND TANKS 
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Abb4 jftr millBr 487 
Abni^g effect in eruahm|, 89 
AbrMives for pobebtd eecUone, 477 
Accelemted jipi 176 
inechAniere» 189 
Accessory sppar&tus, 316 

(5ee oiio speeifie items of sppentus) 
Accounts end reports. 461 
Activstitig sfeots, 247. 250 
Adsms, dressing 68 

Added increneot in elsssiffcstion. 142 
Adhesion, 2, 312 
in floUtiOQ, 242 
Adjustment of machines, 430 
Adsorption. 2 

in ^Ution, 286, 236, 240, 246 
Advantages, of cleaned coal, 498 
of concentration, t 
Aeration in ftotation, 2S8, 273 
Agglomeration. 362, 363 
proceas for coal. 
and tabling, 285, 313 
Agitair dotation machine, 262, 413 
Agitation ratio, in vanner bed, 229 
on Wilfley tables, 220 
Air, action of, on tables, 536 
blast machines, 306 
bubbles, effect in settling, 128 
in fioUtioQ, 232 
consumption. In dotation, 278 

in pneumatic flotation machines, 269 
for dedusting coal, 657 
driers, 347 
elutriation, 471 
jigs, 309 
for coal, 639 
tables, 310 
field of, 639 

Aif'jet fiotation machines, 258 
Air-sand process, 816, 639 
Air separation (eee Pneumatic concentration) 
Air separator, 84, 806 
Akins classifier, 158 
Alan Wood Mining Company, 417 
Alaska Juneau mill, 101, 356 
Alemite system, 439 
Allen cone classifier, 159, 267 
Allis-Cbalmers rod mill, 73, 81 
AUis-Chalmors vibrating screen, U9 
Alpba-naphthylamine, 249 
Alternate polarity in magnets, 292 
Alternating current magnets, 291, 292 
Amalgam, treatment of, 63, 414 
Trent, 536 

Amalgamating barrel for testing, 485 


Amalgamating plates, dressing, 58 
hard amalgam, 59 
materials of, 53, 64 
Munts metal, 54, 58 
new plate error, 54 
oesrupping error 54, 59 
preparing new, 56 
removal of amalnm, 69 
silver amalgam, 67 
silver plated, 54 
slope, 53 

sodium amalgam, 66 
tarnishes anif coatlnp, 56 
temperature of water, 66 
treatment of, 54 
Amalgamation, 38, 52, 353, 409 
apart from stamp milUog, 66 
apparatus for, 5o 
barrel, 414 

cleaning amalgams, 61 
cleanup barreik 61 
cleanup pan, 63 
versus corduroy tables, 209 
of gold orea. 2/9 
in Homestake mill, 411 
mercuiy traps, 61 
plate, 63 
teets, 485 

Amalgsmatora, Clark-Todd, 65 
Amalgams, 52 

Amenean Cyananid Company, 489 
American disk filter, 843 
American pneumatic tables, 562 
Ammonia, in fiotation, 250 
leaching on native copper ore, 878 
Amortisation, 430, 454 
costs, 452 

Amygdaloid native copper ore, 36 
miO for, 375, 380 
Amyl alcohol, 242, 249 
Amyl xanthate, 2^, 249 
Anaconda mill flow sheet, 266 
Anaconda round Uble, 231 
Anderson, 386 

Ai^e-iron flat slate picker, 516 
Angle of nin of rolls, 27 
Annular taoles for hand picking, 103 
Anthracite, breakers, 502, 564 
market sixes and prices, 501, 502 
screens, 511 
Anthrafine, 601 

Anvil blocks of steam stamps, 33 
Applications of stamps, 33, 36 
Apron conveyors, 555 
Apron plates, 53 
Ares of disclmrge in stamps, 49 
Areas of circles, 577 
ArgaO, P. A., formulas for rolls, 26, 27 
585 
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Amngement of milb, 355 434 
ArTMira, 68 
Arthur miU, 866, 372 
Aabertos dressi&g, air aeparatioo. 306 
fibreuer, 86 k- , 

Asceridiag pulp-current cUttifiere. 169 
Aeh curve#, M3 

variation with $ue of coal, 546. 646 
Assay office, 437 ' 

Assay-eisc analyaea, 476 
Assaying, 466» 467 

specifications in cmelter contraeU. 447 
Assays of mill nroducu (sm Keaulta} 
Atlantic mill, 146 ' 

Atomic weight table, 570 
Aitfbtr^un^, I 

Automatic discharges for jiga 192 
on coal jigs, 530-635 
Automatic f^dersL 322 
(8ee also Feeders) 

Automatic operation, 431 
Automatic sampling, 310-322 
Automatic slate pi^ra, 3, 51$ 
Automatic trippers for conveyors, 327 
Automatic weighing conveyors, 350 
Avirol, 246 


B 


Ball bearings, 434 
Bali milla, 69 
ball consumption, 70 
ball load, SO 
balls for, 70 
discharge, 74 
laborato^, 486 
with peripheral screens. 81 
(St* alio Revolving mills) 
Ball-bforton belt magnet, 2M, 297 
Bnllot, 261 » » • 

Halmal mill flow sheet. 277 
Banking bars on air tables, 538 
Bar screen. 109 
Barium sulphide, 260 
Barley coal. 501 
Bamac, 249 
Barometric leg, 343 
Barrel amalgamation, 209 
tests. 485 

Barrel work, 376, 440 
Barrett coal-tar creosote, 416 
Basket filters, 340 
Batch grinding, 80 
Batch tests, 490, 494 
Batea, 480 

mechanical, 211 
Batter^^ stamp, 38 
Baum Jig, 533 

Bearings, ball and roller, 434 
Bed. in jigs, 186, 204 
of pulp on vanners, 228 
on Wdfley tnbles, 217 
Ikebe mill, 83 

Belt and bucket elevators, 329 
Belt conveyors, 326, 555 
deUils in Bonne Terre mill, 384 
(iSee ofso Conveyors) 


Belt drives, 433, 434 
Belt feeder, 239, 324 
Belts, vanner, 226 

B^elari diaphragm jig, 180, 392, 419 
Biooeulnr microscooe. 477 
Bins, 316 
drainage, 560 

_ system in custom mills. 402 
Bird, B. M., 641 
Birtley dedualer. 568 
Bituminous coal deaning, 502 
flow aboeU. 569 
_ tipple, 512 

Black Hilla mercury trap, 61 
Black rock, 386 

BlaisdeU system of ore handling, 328 
Blake breakers, 9 

Blake-DenisoQ weighing conveyor, 360 
Blanket Ublcs, 64. 208. 273 
Blankets, dry, 311 
Blast-furnace oil, 246, 250 
Blasting in the mine, 6 
binding of screens. 108, 109, 116, 123 
Block coal. 618 
Block riffles. 208 

f«r pneumatic flotation machinea, 
269 

Blue. F. K-. formulae for launders, 338 

Blue ground, 313 

Bond. F. C., 91 

Bone coal. 500 

Bonne Terre lead mill, 881 

Boot, elevator, 326 

f^lag of elevators, 831 
Booth-Thompson flotation machine. 413 
Boas of gravity sUmp, 48 
Bottom bed of jip, 173, 191-193 
Bouyoucos hydrometer, 472 
Box chute. 654 
B. P. L.. 421 

Bradford coal breaker. 607 
Bradford flotation proceae. 233 
Breaker plant, anthracite, 664 
Breakers, Blake, 9 
versus Dodge, 11 

Dodge, 11 

free and choked feed, 18 
Gates. 12 
jaw, 7 

versus gyratory, 17 
large versus smaU, 10 
liners or concaves. 13 
McC^lly, 11 

Operating data and costa, 11, 16 
principles of action, 17 
rock, 7 

sizing testa on, 15, 16 
spiDdJe or gyrating, 11 
taper of, 17 
Telsmith. 14 
wearing parts, 16 
Breaking, 6 
by hammer^ 6 

(See Gruahing) 
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Brick and atone mill buildings^ 437 
Bring, C. G-, testa on ii«guig> 202, 204 
Briquettes, 477 
examination 478 
Britannia mill, 282 
Brittleness of orss» 3 
Broken coal, 501 
Broken ore, weight of, 672 
Bubbles in dotation, 236 
Bucket conveyor, 

Bucket elevatora, 329 
Bucket wheel clevaton, 332 
Buckwheat coal, 501 
Buddies (see Slime tables) 

Buildings, eoastniction, 436 
Bulk fioUtioQ, 232 
Bulk oil flotation, 233, 234 
Bull jigs, 163 

Burcri, A. K., ring griialy, 111 
Burlap tables, 375 
Burris, 386 

Butchart jerking table, 231, 535 
Butyl xanthate, 243, 249 

C 

Cake, filter, 340, 341, 345 
Calcininf (see Roasting) 

Calcium cnloride, for float-and-sink tests, 
541 

f iroceas for coal, 522 
or spraying coal» 569 
Calculation, of average particle alae, 473 
of clawifier, 147, 152 
of diitributlon of niddlinp, 493 
uf mill reaulta, 462 
formulas, 573 

of smelter schedules, 443-451 
of test results, 491 

Caldecott diaphragm cone classifler, 160 
California stamp mill, 38 
(^Uow cons clanifier. 160 
Callow flotation macnine, 256 
Callow, J. M , 227, 256 
flotation patents, 234 
Callow-Macintosh flotation machine, 257 
Callow traveling-belt screen, 125 
Calumet and Hnla mill, 145, 183, 105, 275, 
375 

Calumet classifier, 145 
Cam and spring vibrating screens, 117 
sticks, 48 

Camphor oil, 242, 249 
C^ma for gravity stamps, 45 
Camshaft, 44 

Canvas for slime table surface, 23 
Canvas belts for vatinera, 226 
Canvas tables, 208 
for testing, 460 
Capacity, of air jigs, 310 
of air separators, 306, 309 
of air table, 311 
of apparatus, 431 
of Ball'Norton belt m^net, 298 
of belt conveyors, 327 
of Blake brewers, 9 
of Bradford coal breakers, 508 


Capacity, of breakers, 18 
of Butchart table, »22 
of Callow belt screen, 127 
of Carpenter driers, 551 
of Chance process, 522 
of ChiUmOl. 83 
of Christie drier 553 
of coal rolls, 505 

of conditioning t an k s in flotation, 237 

of Coonersville blowers, 259 

of constriction-plate claasifier, 155, 158 

of corduroy tames, 209 

of Crockett wet magnet, 298 

of D»ver mineral jigs, 187 

of Dorr elassifiers, 1^, 166, 171 

of Dorr thickeners, 162, 163 

of drag classifiers, 167, 168 

of drien, 347, 348, 349 

of dry tables on coal, 539 

effect on costs, 452, 455 

of electrostatic separators, 304 

of Elmore coal jig, 533 

of flotation macbmes, 255, 256, 258, 259. 

268 

of Gates breakers, 13 

of Center filter thickener, 347 

of gravity stamps, 51 

of Hadsel mill, & 

of Hancock jig, 176 

of hand Jig, l74 

of hand ipalling, 7 

of hinged-hammer cnishere, 86 

of Hydrotator, 624 

of jerking tables, 224 

of lip, 183, 194, 205 

of Jenson riffle concentrator, 230 

of \o% washere, 99 

of Mensies Cone Separator, 526 

of Mensies Hydroeeparator, 526 

of Oliver filters, 343 

of Pan-American nul»ator jip, 136 

of Pardee spiral slate picker, 515 

of Raymond mill, 85 

of revolving mills. 78-81 

of Rheolaveur, 529 

of Richards pulaator classifier, 157 

of Richards pulaator jig, 183, 186 

of Richards-Coggln classifier, 145 

of rolls, 31 

of rotary drier, 386 

of round tables, 231 

of screens, 106 

of Simon Carves coal jig, 535 

of steam stamps, 36, 376 

of ^mona cone crushers, 21 

of Teiamith breakers, 14 

of Toney Cyclone mill, 86 

of trommels, 124, 125 

of trough washer, 97 

of Uni^ Pocahontas coal plant, 561 

of vacuum filters, 346 

of vazmera, 228, 229 

of vibrating screens, 119 

of WetheriJl magnet, 296 

of Wilfley sand pumps, 334 

of Wilfley tables, 217 

of Wilmot implex coal jig, 531 
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CApillAnty m flotation, 235 
Capital r^uirad for plant, 437 
Carbon tatracblorido for fl^Vand-eink testa. 
641 

Carbonaceous material id flotation, 248, 414 

Carpenter centrifugal drier, 550, 584 

Carpet tables, 64, 208 

Cascade liner. 76 

Cascading in ball mills, 76 

Casein in flotation. 24S, 250 

Cataracting in ball milb, 76 

Cationic reagents, 260 

Cattermole flotation process, 234, 286 

Cement for round-table surface, 231 

Cement copper, 266 

Central coal-preparation plant, 561 

Central power plant, 432 

Centrepier Dorr thickener, 161 

Centrifugal air separators, 306, 307, 308 

Csntnfugal driers, 349, 660 

Centrifugal dust coUectota, 349 

Centrifugal pumps, 833, 843 

Centrifugal separation, 818 

Centrifuge, 660 

Chain feeder, 323 

Challenge feeder, 322 

Champion No. 1 coal plant, 658 

Chance anthracite plant, 566 

Chance process for coal, 314, 518 

Chapman, T. G., 456 

Chapman, W. R.. and Mott, R. A., 497, 499 
coal efficiency formula, 548 
CbaU. 194, 205, 887 
Chats pile, 388 
Chatter, 888 
Chatty ores, 886 
Cheese Koop sampler, 318 
Chemical analysis, 442 
Chemical aspects of flotation, 236 
Chemical propertiea of ores, 2 
Chemical treatment of coal, 558 
Chestnut coal, 501 
Chili mill, 82 
Chip screens, 360 
Chips, removal of, 350 
Choice of equipment, 430 
Choke crushing, 29 
Choked feed in breakers, 18 
Cbristie drier, 349, 568 
Chuck block, 44, 60 
Chutes, for coal^ 564 
for hand picking, 102 
Circles, diameters and areas, 577 
Circuits, flotstion, 260 
Circulating load, 19, 77, 78 
formula, 673 
Citric ACii, 248, 250 
Clarifleation of coal-washery water, 553 
Clark-Todd amalgamators, 65, 411 
Claaaification and classifying, 128, 352 
added increment, 142 
extent of, 141 
free settling, 128 
hindered settling, 128 
laws of, 128 

(Se€ also Settling) 


Claesifled feed for Wilfley table, 220 
Classifier jigs, I8l 
Classifiers, air, 306 
Akiiia, 168 
Allen cone, 159 
ascending pulp current, 159 
sutomatic cone, 159 
caleulstion, 147, 152 
Caldecott cone. 160 
constriction, 14 L, 144 
conairtetion plate, 154, 157 
defiftitioD and clasaifleatico, 143 
design, 141, 144 
Dorr bowl, 166 
Dorr Hydroeeparator, 162 
Dorr rake, 163 
Dorr thickener, 160 
drag type, 166 
Evw, 145 
Pabrenwald, 156 
Federal Esperania, 166 
free eetiliag, 145 
Hardioge countercurrent, 168 
hioderM sellling, 139, 144, 154 
horisontal pulp current, 168 
hydraulic, 143, 144 
hydraulic gold traps, 164 
laboratory, 482 
launder type, 145 

meehaoicat, 168 

zfeot using rising currenta of clear water, 167 
operating adjuatments on mecbacueal 
claMifieri, 168-1*^ 
poekets, 144 
^inted box, 168 
Ricbarda annular vortex, 162 
Richards deep pocket, 147 
Richards direct pulsator, 166 
Richard hindered settling, 164 
Richards laboratory, 130 
Riebards-Coggin or Calumet, 146 
settling tanks, 160 
aortiag column, 141, 144 
spigots, 144 
spitakaslen, 168 
surface current, 168 
tank type, 146 
teeter chamber, 141 
thickeners, 160 
tubular, 146 

used as coal washers, 523 
V-box, 169 
whole current, 158 
Clay, dl^t^ratioD of, 96 
Cleaned coal, advanta^ of, 498 
Qeaner cells in flotation, 261 , 262 
Cleaner jigs, 194 
Cleaning of amalgams, 61 
Cleaning of coal, 498 
Cleaning plane, on vanneia, 224 
on Wildey tables, 216 
Cleanup, of amalgamating platee, 60 
of rimes, 208 
Cleanup barrels, 01 
Cleanup jig, 182 
Cleanup pan, 63 
climate, effect on coats, 463 
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ClimA. Molybd««“ 283 

Closed ciwuit. Id, 104, 

171 

for roller ^ t 

oil cleening or preparation (rae Coal 

SSi*and*pric» of anthracite, 601, 502 
specific gravities of coMtiluentj, 600 
trade tisee cf bituminous, 502 
Coal dreasinf, 497-567 
air jigs, ,639 
Air>aaod process, ooV 

Air tables, 636 
anthracite practice, 6<a 

ascending^curreot waanera, oM 

bituminous practice, 602 

Bradford breaker, 507 

breakera, 502 

breaking or crushing, 503 

chemical and oil treatment, 558 

compared with dreaaing of orea, 409 

daily control tesU, 540 

dedusting. 557 

degradation, 500 . 

dewaUnog and dr^g, 640 

dry versua *«t^l7 

dust removal, 306 

economica, 408 

essential operations, 503 

evaluation of reeulu, 546 

float^and-sink teau, M 

dotation, 284. 285. 636 

flow sheeU of planU. 560-567 

hand and meetiaoical picking, 500, 513 

heavy-density proceases, 314, 315, 518 

jig and table teats, 645 

Jigs, 530 

launder or trough washere, 526 
mechanical methods, 616 
movement of products, 654 
problem of fines, 600 
processes, 500 

purposes end advantages, 498, 409 
pyrite recovery, 657 

recovery of finea and water clanficatioD, 563 
Rbeolaveur proceea. 526 
sitiog and grading, 50S-612 
sludge treatment, 554 
summary of operations, 501 
Ublea, 635 
^ples, 498 
Irani process, 636 
trough washer. 07 
Van Lear tipple, 512 
Coal-tar reagents, 245, 250 
Coal washing (ace Coal dressy) 

Coarse concentrate on jigs, ITO^IOO 
Cmtss ore for grinding media, 70 
Coarae-sand concentration, 172 
Coatings on gold ores, 279 
Cobbing, 7. fOl 
munets, 202 

0inga magnetic pulley, 419 
Cocks, dial, 3^ 

Cocoa matting on tables, 208 


Coefficient of friction of ores, 3, W 
Coercive force in magnets, 291, 202 
Coeur d’Alene lead mills, 304 
Coahill, W. H., 02, 05, 472, 475 
Cohesion of minerals, 88 
Collecting agents, 242, 240 
Colloidal gold, flotation of, 270 

Colloidal properties of ores, 2_ 

Colloids in flotation, 240, 248, 287 
CoUom jig, 198 
Color of ores, 3 
Colorado Iron Works, 114 
Colore, gold, 480 ^ 

Comhinatioos of prmciples of separation, 
Comminution and grinding, 5 

principles, 351 , , , 

(Set oUq Crushing; Grinders and grind¬ 
ing; individual machines) 

Compaetnras of mill arrangement, 436 
Comparison of air and water as separating 
m^ia, 311 

Complex lead-sine ores, 360 
flotation, 276 

Coneavex balls for grinding media, TO 
^ncentrate grade, 463 
Concentrates, 6 

chargee for smelting, 448 
•ale of, 443 

storing and shipping, 440 
Concentrating plane on vannere, 226 
Concentration, 5 
centrifugal, 313 
versus ^rect smelting, 1 
ecoDomisi of, 463 
of fine sand and slime, 206 
graded, 05 

by heavy liouids and heavy suspensions, 314 

indices of, 464 

magnetic, 288 

prineiplea, 351 

ratio of, 463 

special procssaca. 288 , ... 

Concentrator, revolving cylindrical nffle. 229 
Concentrators (see Round tables; Tables; 

Vannera; Wilfley tables) 

Concrete, in mill buddings, 437 
mortar blocks, 41 
CoDditioning in flotation, 237, 276 
Conductors, mineral, 303, 304 
Conea, Chance, 620 
Jeffrey-Robinaon, 523 
(iSe* aUo Clasaifiere) 

Coni^merate native copper ore, 36 
mOl. 376 

Conical ball mills, 73 
Coning and quartering, 318 
Conklm process, 522 
Conoeraville blowers, 269 
Consolidated Mining and Smelting Com¬ 
pany, 403 

Con^ant-weiebt feeder, 324 
Constriction in hindcred-settliiig classifiers, 
141, 144 

Constriction-plate classifier, 154, 157 
Construction of mills, 428. 436 
Construction costs, 452, 460 
coal plants. 566 
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Con^pt^on 265, 268, 

^Dtftct eagles, 2 . 236 
<^ot«uity of mill station, 5, 438 
(^Qtl&UOUS fiJtej9, MI 

Contract flp«cLfie%tioDs ia ameltinB. 447 
^Dlrol of mill operation, 441 
patrol teeta in coal plaata. 549 
Cociveyor-tyM feeders, 324 
Conveyors, 326 
automatic veigbiDE, 350 
for coal, 555 
band picking on, 102 
Cooley Jig, 180, 393 
^pper ammonium acetate, 250 
Copper concentrate, cakulatkm of value, 44 S 
Copper-lead sulphide ore flotatiob, 282 
Copper-nickel ore flotation, 283 
Copper nuggets, disebargea for, 36 
Copper ore mills, 365, 371 
Copper ores, flotation of, 265 
Copper plates, 53, 54 
Copper Queen mill, 111 , 365 
Copper sulphate, 247, 250 
Cop per-tine sulphide ore flotation, 282 
Corduroy tables, 65, 208, 280, 409, 412 
Venus amalgamation, 209 
Cornisb frames, 208 
Cornish vanning shovel, 479 
Corrugated belts for vanners, 226. 229 
Corrugated iron for mills, 437 
Corrugated rolls, 505 
Costs, air separation, 306 
Alaska-Juneau milling, 360, 361 
Anaconda round-table plant, ^1 
ball-mtll grindiog, 78, 79 
breakers, 18 

Calumet and Hecla milling, 380 

coal plants, 566 

construction. 452 

copper milling, 457-459 

Copper Queen milling. 371 

crushing and grinding, 461 

detailed data, 456-461 

distribution of, 452, 454 

Dorr classiflers. 170 

Dorr thickeners, J63 

drag claasifiera, 167, 168 

effects of various factors, 452. 453 

electric power, 461 

gravity stamps, 52 

gyratory breakers, 16 

hand jig, 175 

Homestake milling, 412 

initial, 432 

jigs, 204 

Maras and Arthur copper milling, 374 
Me I aty re-Porcupine mil ling, 282 
Miami milling, 271 
milling, 452-461 

mining, concentrating, freight and amelu 

ing. 1 

operating, on jaw breakers, 11 
operating factors in, 454 
overhead, 453 
phosphate milling, 425 
rolls, 32 


Coats, screens, 119 
snap estimates, 456 
Symons cone crushers, 22 
treatment of concentrates, 443^51 
trommels, 125 

wearing parts of jaw breakers. 10 
Countercurrent floution, 261 
Coupling of two machines. 436 
Caver, jig, 376 
Caver won, 376 
Crab, overhead, 48 
Cr^e, 211 
Crangle valve, 186 
Creosote flotation reagents, 250 
Creevbc acid, 242, 249 
Crickboom wash trommel, 100 
Cniical speed of revolving mills, 76 
Crockett wet-belt magnet, 298 
Oniahere, 7 
for coal, 503 
Kewbouse, 22 
reduetion gyratory, 19 
rolls. 23 
sm^, 467 
steam stamps, 33 
Symons cone, 19 
T»ylor type TZ. 22 
(5 s€ sIm Breaker*: Rolls; Stamps; etc.) 
t>^niBning, abrading and impact, 89 
circulating load, 19 
closed circuit, 19 
COVU, 461 

differential effect, 88 
economics, 87 
efficiency calculations, 93 
graded, 95 

utermediate and secondary, 19 
laws of, 87 

practical application, 95 
mechanism, M 
practical limit, 95 
reeislancc of minerals, 88 
of sample lots, 467 
in sampling, ^1 
work required, 92 
Cube cotl, 561 
Culm, 502 

Cumulative plots of sizing tests, 478 
Cup and wheel feeder, 239 
Custom mills, 388, 398 
chines for milling, 450 
Cyanide in flotation, 246, 250 

2W**4W tilver one, 67, 279, 

Cyclone'dust collector, 307, 349 
Cylindrical ball mills, 73 
Cylindrical driers, 348 


Dams for tailiogs, 441 
Dana, E. S.. 88, 671 
Data, from float-and-^k tests, £42 
needed in flotation testing, 489 
on wratiDg costa, 456 
(See ait9 Rssulta) 

Davis m^netic log washer, 298 
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tube ieMr.JM 
TvBAV*yT*ot*tioo proc«», 233 
Kcto iot Wilfley ubl«, 2M 
KcoUoiding in ioution 240 
Decrepitntwo. by ne*l, 4 
followed by scre^ng, 312 
DeductioM in emelter echedulea, 444 
Peduatinf of coal, 657 
Definitiona, 1 

aaeiwr contract*, 447 
Deflocculaton, 248 
D^rradation of coal, 500 
DeSer Ublj., 224, 535 
di»tona!-deck type, 222 
Delano b^rauUc desluner, 385 

Delw^ spocificationa in amelter contract*, 

447 

DelU Coal Mining Company jig plant, 559 
Delia-patten flat aUte picker, 51$ 

DeMier mechanical rake, 893 
Denaity of Uquida, effect in aettling, IW 
DcQVcr ^uipment Company, 238, 490 
mineral {it, 18$ . 
aubaeracion floUtioo machine, 256 
Depreciation, 430, 454 
Depreaaing agenta, 246 
Deaign of mull, 3^, 427< 428 
e^ct on cotta, 456 
DeVaocy, F. D., 472 
Devereux agitator, 412 
DeVooya proceaa, 622 
Dewatering. 162 
of coal, 649 . . . ^ 

(Su olae Unwatering devicee} 
Diagonal-deck tablee, 222 
Dial cocki, 32$ 

Diamagnetic eubetancea, 291 
Diameteci, of circle*, 677 
of roUa, 2$ 

Di*mond, R. W,, 465 - - 

Diamond-ore concentration, 312, 313 
Diamond pans, 100 
Diaphragm cone clasaifier, 160 
Diaphragm pun^. 332 
Dicnromate, 247, 250 
Dice, for gravity stamps, 48 
for steam stampa, 83 
Dieeel power, 432 

Differential cruahing or crindioc, 88 
Differential flotation, 232, 247, 27$, 380, 398 
Differential grinding, 79, 170 
Dinp Crockett wet magnets, 417 
Dinga high-intenaity magnet, 300 
Direct-current electric power, 433 
Direct-current magneta, 291, 292 
Direct-heat driers, 348 
Direct amelUng, 1 
Dirt. 387 

Discharge of ball mills, 74 
Discharges, jig, 173, 182, 184 
coal jjgs, 530-535 
Disintegration and screening, 312 
Diaintegratore, for clay, 96 
for coal, 507 
Diak ffitera, 341, 343 

Diaperaion and dispersing agents, 248, 250 


Dkpoaid of tailings, 427, 441 
DisaemuiaUon of mineraU in ores, 3 
Distribution of middlings, 492 
Distributors, 325 
launder. 336 
Dithiocarbouatea, 243 
DithiophosphateSf 243. 244 
Dividers, mechanical, 325 
Divi^o* <*ee Mills, sections) 

Duantbogena, 244, 249 
Dodge bnmkers, 11 
Domestic sises of anthracite, 501 
Dorr bowl cUsaifiera, 165 
Dorr claesk&rs, operating data and coats. 170 
Dorr Hydroeeparator, 162 
Dorr rake elaaiifier, 163 
Dorr thickeneni 160, 264 
for coal sludge, 564 
Dorreo diaphragm pump, 332 
Dorreo Alter. 3 m 
Dottco pipe launder, 339 
Drag claaaifiera, 166 
Drag-etone mill, 68 
Drain^ of coal, 660 
Draining bins, 340 

Drakeley*! coal-efficiency formula, 647 
Dredgca for gold. 208 
Dredging old tailings, 380 
Dreasmt, of amalgamating plates, 58 
of coSi, 498 
Driers, 347 
centrifugal, 560 
for coal, 660-663 
(8e< olso D^ing) 

Driving mechanism, for rolls, 26 
for steam stamps, 34 
Drop-bar gristly, 112 
Drop hammers, 7 
Drum feeder, 76 
Drum filtera, 341, 342, 345 
Drum type of magnet, 293 
Dry assay, 446 
Dry blanket, 311 

Dry cleaning of coal veraus wet. 617 
Dry concentration (see Pneumatic concen^ 
tration) 

Dry ores, 446 
Dry panning, 811 
Dry stamping, 40 
Dry-table coiu plant, 661 
Dry tables for coal. 636 
Dry-vacuum system, 342 
Drying, of coal. 649-653 
in magnetic separation, 291 
aUo Dners) 

Drying floors, 347 
Dual promoter system, 244, 265 
Dumps, tailings, 441 
duPont frothers, 242, 249 
duPont process, 314 
Dust, effect of, in coal washing. 558 
in magneUc eeparation, 291 
removal of. 306 
from coal, 557 
Dust collectors, 349 
Dust control, 349, 438 
in Sullivan mill, 408 
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Dust separators, 306, 307 
Dustproofing of coal, 512, 559 
Dwight Lloyd Oliver drier, 347, 417, 653 

E 


Eagle-Picher eectral mill, 181, 388 
Eoceotric-abaft vibrating screens, 118 
Ecelestoo centrifugal concentrator, 313 
fvconomic limit of grinding. $7 
Economics, of coal cleaning, 498, 600, 546 
of concentration, 463 
of milling, 429 
of ore dressing, 1 , 6 
Eddying resistance, law of, 134 
Edge runners, 82 
Edison conveyor, 328 
Edison distrioutor, 325 
Edison msgnetie separator, 298 
Efficiency, of coal washing, 547 
of machines. 431 
of screening, lOS 
Efficiency formulas, 573 
Efficiency indices, 464 
Egg coal, Ml, 502 
El Oro liner, 75 
Elastic deformation, 89 
Elasticity of minerals, 88 
Electric charges in dotation, 248 
Electric ear, 75 

Electric-eye discharge for coal jig. 534 
Electric lighting. 438 
Electric motors, 433 
Electric power, 432 
cost, 461 

Electric samplers, 320 
Electric vibrating feeders, 324 
Electrical properties of minerals, 303, 304 
Electroconductivity of mlnersls, 4 
Electromagnetic vftirating screens, 115 
Electromsrnetr 289 

(Stt <uso Magnetic separation and mag- 
nels) 

Electrometric measurement of pH. 488 
Electrostatic separation, 303 
conductors, 303, 304 
machines, 3041 

Elements, atomic weights, 570 
Elevator on Wiifley table, 217 
Elevators, 329 
for coal, 557 
need for, 428 

Elmore, F. E,, flotation process, 233, 234 

Elmore coal jig, 531 

Elutnation, 104, 470, 471 

Emerick air separator, 307 

Emery slate picker. 513 

Empire Zinc Company. 427 

Emulsol reagents, 250 

Endless-belt tables. 209 

Eod-sbake vacners, 226 

Energy of crushing, 87 

Equivalents of weights and measures, 569 

Esperaosa claasifier, 166 

Essential operations in coal cleaniog, 503 

Estimates, cost, 456 

Ethyl xanthate, 243. 249 


Eucalyptus oil, 242, 249 
Evaluation of results, 461 
Evans, W. J., 145 
Evans dassmer. 145 
Evenon, Carrie, flotation process, 233 
Examination of ores, 466 
Excavator, BlaisdelL 328 
Expanded-metal riftfes, 208 
Explosive shattering. 68 
Extent of concentration, 463 
Extraction, 5 
calculation of, 462 
in coal dressing. 547 
formula, 573 


F 

Pagergren flotation machine, 252 
laboratoiY type, 488 
Fahrenwald classifier, 156 
Fahrenwald subaeration flotation machine 

Falconbridge mill, 417 
Falling-ball device, 88 
Patty acids, 242, 243. 245. 249 
Federal Emranta classifier, 166 
Feed, for dry tables, 538 
for gravity stamps, 49 
for revolving mills, 77 
for round (soles, 2M 
uniformity essential, 439 
for vanners, 237 
for WUfley ubies, 218-280 
Feeders, automatic, 3^ 
for coal. 557 

for flotation reagents, 239 
for gravity stamps, 48 
for revolving mills, 75 
for rolls, 25 
Feeding breakers, 18 
flotation reagents, 238 
jig*. 192 
•creens, 109 
steam stamps, 85 
Wiifley iabl^, 217 
Feldspar bed for coal jigs, 530 
Feiraris shaking screen, 113 
for testing, 468 
Fidelity cod plant, 562 
Field of vsnnen, 2Z9 
Field hoppers, 3^ 

Film siimg, 210, 353 
on UblM, 230 
t«a(s on, 481 
FiUers, 264. 340 
bags for dust, 349 
for coal. 552 
filter thickeners, 346 
presses. 340 
Pine grinding, 67 
Fine-sand concentration, 206 
Fines, coal, 505, 509, 517 
not treated by dry tables. 528 
problem of, 5M 

Finger bars for gravity stamps, 48 

Fire protection, 440 

Fixed ash uid sulphur in coal, 499 
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Fixed sieve jigs, i76 
FUnged belt conveyor, 327 
Fleeb ronet, 486 , 

Flet end sloping sitee, 427 
Flat belt conveyors, 327 
Flet pickers for coni, 515 
Flet-siW mill, 361 
Fleming dewntennx wh«l, 332 
FlexibiUty of mill now sheet, 436 
Flight conveyors, 328, 656 
Floftt4od>«lnk processes, 3U 
for cool, 518 _ 

Uborttory tesU by, 476, 540 
Flocculotion sod flocculstmg sgenU, 248 
Flood dsngerv 427 
Floors, 436. 437 
dismond, 313 
for drying, 347 
Florida pboepnste, 421 
Flotstion, 232, 352 
sctivstifig SgenU, 247, 250 
adsorption, 240 
seroflosts, 240, 249 
sgglomerstion snd tsbliog, 285 
sir^nsumptioD, 259 
sir-jet mscnines, 268^ 
bubole-rninersl complexes, 236 
Callow machine, 256 , 

Callow-Mac I ntoeh machine, 257 
circuits, 260 
of coal, 284. 285, 536 
collecting agents, 242, 249 
comparison of machines, 260 
condition ing, 237 
contact an^es, 236 
control and testing, 2 ^ 
of copper-lead sulphide ores, 282 
of copper-nickel ore, 283 
of copper ores, 265 ^ 
of eopper-iinc sulphide ores, 282 
d^occulaton, 249 
depressing agents, 246 
dinerential, 247 
dispersing agenu, 248, 250 
disposal of concentrates, 264 
effect of slime, 240 
Fabrenwald or Denver mschioe, 255 
feeding reagents, 238 
field of. 232, 286 
froth characteristics. 241 
froth formation, structure, and properties, 
235 

frothing agents, 240. 249 
Gibbs equation. 240 
of gold and silver oree, 278 
beating the pulp, 407 
history, 233 . , ., 

of lead, sine, and lead-sine sulphide ores, 
275 

list of reagents and uses, 249 
litigation, 234 
machines, 251, 431 
mecbanical agitation machines, 251 
mill flow sheets, 266-286 

(See aUo individual mills by name) 
Minerals Separation subaermtion machine, 
253 


FloUtion, of mised copper ores, 266 
modifying agentt, 245 
of molybdenum ores, ^ 
of native copper or«» 276, d7» 
of nonmetallic ores, 284 
of oxidised or«. 284 
Dsrticle sise, 337 , . n«E 

dB and pulp-control reagenU, J43 
physical and chemical phenomepa, 236 
pneumatic machines, 256 
practice, 264 

of precious-metal ores, 409 
present and future, 286 
principles, 2 W 
processes and 

protective colloids, 248, 250 
pulp density, 237 

pulp preparation, 237 

reagent consumption, 265, 268, 26V, 2/0, 
278, 282. 284 
reagenU, 240, 249 

in Bonne Terre mill, 086 
in Copper Queen mfll, 370 
(S<e afro Reagents) 
regrinding of middlings, 263 
rougher, cleaner, and scavenger celU, Ml, 

selective (see Differential flotation) 
siscs of floauble Particles. 286 
Southwestern air-lift macbioe, 258 
special treatments, 239 
suIms ration machines, 251 
aulphi^sing agenU, 247, 250 
surface tension, 240 
testing, 486 
ffla^ines for, 488 
theoretical basis, 234 
unit cell, 263 
xanthate, 344, 249 
Flouring of mercury, 55 
Flow eheets, 354 
design of, 428 ^ 

of flotation plants, 266-286 
modem, 371 

testing for, 478, 496 ..... . ... . 

(Sh aUc names of individual mills) 
Fluorite recovered by decrepitation, 812 
Fly ash, 568 

FooU, Arthur B., sUmp cam, 46 
Fores nw^eurs, 448 
Formulas, for efficiency, 464 
in coal dressing. M7 
for free settling, 130, 136 
for launders, 358 
for milling calculations, 573 
for roll speeds, 26, 27 
fov settling in Chance process, 519 
Forrester flotation machine. 258 
Foundations, 428 
for gravity stamps, 40 
for steam stamps, 38 
Foundry, 437 

Fractional selection by shovel, 317 
Fracture of ores, 3 
Frames, Cornish, 208 
Frames, for gravity stamps, 42 
for steam stamps, 33 
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y^Ticej's coal efficiency fonnul*, 

Free cniebiog. 29 
Free-diacharge Rheoiaveur, 528 
Free wtUiog, i 2 A 144 
veraua hindered, 141 
Free-aetUiug claasifiere, 145 
rree-aettUo^ ratine, 136. 144 
Free-eeuiing Teincitiea, 130 
Frenier apiral aand pump, 333 
Friability of ores, 3 
Frictinn propertiee of orea, $ 

Fromeut, A., flotation proew 233 
Front feeding for elevatora, 331 
rrotQ characlehetica, 241 
Froth flotation, 232 
(See aito Flotation) 

Froth formation, propertiee. and etmcture, 

Frothing agents, 240, 249 
Prue vanner, 224 

FuH-teeter teete on quarts and galena 139 
FuU'teeter velocitiee, 203 
Fundamental coneepte, 6 
FundamentaU of grucUng, 68 
Furnace coal, 612 

Furaacee. for roaeting for magnetiaa, 303 
Future of flotation, w 


G 


Gaeee, wire, 576 

Galena, free e ettling velocities, 129 
fuU-teeter velocitiee, 139 
)ig teets on, 201 

Galifher and Flood eamplera, 408 

Gangue coatings, 248 

Oaroinol, 249 

Garfield Chili mill, 83 

Gate and dam discharges on jin. 192 

Gates, G. G., 231 

Gates for bins, 316 

Getee breaker, 12 

Gaudin, A. M., 89^1, 464 

Gayco air separator. ^7 

Geared rolls, 505 

Gears, 433, 434 

Geary-Jeaninga electric sampler, 320 
Geco flotation machine, 252 
General considerations, 426 
General principles, 1 

Center filter thickener, 346 
Gently sloping mill site, 365 
Giants, hydraulic, 100 
Gibbs equation, 240 
Gilman mil], 4^ 

Glass linings for launders. 336 
Glass table for testing, 4^, 481 
Glue in flotation, 248, 250 
Gold, losses of. 65 
rusty or tarnished, 209 
Gold and silver ores, treatment of. 278, 279 
Gold concentrates, treatment of. 209 
Gold dredges, ^!k 8 
Gold mUling, 354. 356-361. 409 
with etampe, 33 
Gold pan for testing, 480 


Gold tables, 209 
UUings plant, 375 
Gold traps. 154, 412 
Grab samples, 318 
Grade of concentrates, 5, 463 
Graded concentration. 95 
Graded crushing, 32, 95 
Grading of coat, 509 
Graphical plotting of eising tests, 472 
uraphite coating on plates, 58 
Grate discha^c of ball cniUs, 74 
Gratings for floors, 437 
Gravity concentration, 353 
procesaea, 3 
Gravity filters, 340 
Gravity stamps, 33, 38 
amalgamation in, 52 
area of discharge, 40 
boss or head, 48 
cams. 45 

camsKaft and boxes, 44 
capacity, 51 
diss, 48 
dry, 40 

fiager bam, cam slicks, and overhead 
crab, 48 
foundations, 40 
frames and guides, 42 
height of dischargs and chuck block. 44 50 
ID HomesUks mul, 411 
labomtorv, 485 
mercury fed, 49 
mortar blocks, 41 
mortars and hnsm. 42 
Niasen, 48, 51 

number and height of drop, 50, 61 
operating daU and costa. 51 
operation, 49 
order of arop, 49 
power, 61 

principle and applications, 38 
acreeu, 43, 44, 49 
aelf*tightening cams, 46 
shoes, 48 
amgU-unit. 48 

site and character of feed, 49 

aiaing teats, 52 

statua of, 65 

stem, 47 

UppeU. 47, 48 

water, 49 

weight and blow, 50, 61 
Grease on amalgamating plates, 55 
Greased table, 312, 352 
Greanoess, 2 
Greene Caoanea mill, 284 
Gnoders and grinding, 7, 67 
apparatus, 68 
amstra, ts 
ball milk, 69 
batch, 80 
Chili mill, 62 

closed and open circuits, 77 
commercial, 67 
costs, 461 

differential, 79, 170 
economic limit, 67 
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Grindew aiJd grinduig, explosive sbattenog, 

for flotation, 263 
for floution teats, 486 
fundamentals, 68 
general principle, 67 

E rinding pane, 69 
[uQtiDgftoo mill, 83 
impact types, 86 
media in ravolvmg mills, oV 
pebbles, 70 
pujposee, 67 
lUymond mill, 83 
rra cfiilb, 69 

roller mills. 82 •. «o-i 

tables used in gnndmg cireutU, 223 
Torrey Cyclone, 86 
tube mills, 69 

Criisly screen, 109, 111, 112 
and Ross foMe^ 323 
GrOndal msgnet, 294 
Gross and ZTmmerley, 89, 92 
Guides for gravity 
Gum arabic in flotation, 248, 260 
Gyrating breakers, 11 
Gyrating screens, 114 
Gyrating vanners, 224 

H 


Hadsel mdl. 82 
Hammer mills, 507 

Hammers, for breaking, cobbing, etc., 6 
steam and drop, 7 
Hancock, H. R., 176 
Hancock |ig, 175 
Hand breaking, advantage* of, 7 
Hand elsctromagseu for testing, 483 
Hand jigs. 173 
for testing, 479 
Hand picking, 6, 86, 100, 362 
advsotager lOl 
in Alaska Juneau mill. 369 
apparatus and methods, 102 
of coal, 509, 612, 613 
economics, 102 
of feed to steam stamps, 86 
general coDsiderations, 101 
10 Hecla mill, 397 
limitations, 102 
in Sullivan mill, 404 
teats, 478 

Hand sampling, 817 
Hand sledges, 6 

Hand sorting (see Hand picking) 

Hard amalgam, 59, 60 
Hard rurfaciog equipment, 439 
Hardinge constani^weigbt feeder, 324 
Hardinge countercurrent cUsaifler, 168 
Hardinge electric ear, 75 
Harding^Hadsel mill, 82 
Hardinge mill, 73, 80 
Hardman, J. £!., on plates, 56 

or softness of ores and minersils, 2, 

88 

testa for, 477 

Harrington A King plate screens, 106, 107 


Han jigs, 176 
Baultam, H. B., 482 
Haultain Infrasiser, 472 
Haultain Superpanner, 481 
Haynes, Williain, floUtion process, 26i 
Head oi gravity stamp, 48 
Headroom and space, 481 
Hearth drier, 347 
Rett driece and drying, 347 
for coal. 663 ^ o i« 

Heating, for decrepitation, 4, 812 
of flotation pulp, 407 
for magnetism, 4 
of milb, 438 
for porosity, 4 
and quenching, 6 
and roasting, 353 _ .. 

Heavy-density snd heavy-liquid processes, 
314 

for coal dressing. 518 
laborstory teaiing, 476, 540 
Hecla lead-sine mill, 394 
Height oi discharge in stamps, 44, 60, 51 
Height of drop oi stamps, 50, 61 
Heady's Challenge feeder, 322 
Hercules middol, 284 
Eering, C., 669 

Heterogsoeous mineral maase^ 87 
High-intensity magneu, 294, 298, 300 
Hifiside mill, 427 
Hinder^ settling, 128, 144 
claaaiflers, 154 
versus free, 141 
ratios, 136, 137. 144, 195 
tests, 137 
in vanner bed, 229 
History of flotation, 233 

Homogeneous mineral masses, 87 
Hooper-Paddock air jig, 309 
Hoover, T. J., 251 
Hopper* (lee Bins) , 

Horuontal puliHmrrent ciassifierB, 158 
Horisootal seclions in mills, 435 
Horn spoon, 480 
Horsepower (ise Power) 

Houses, 437 

Housings, for dust control, 349 
for elevaton, 829 

for roU^ 26 

Howell*White furnace, 303 
Huff electrostatic process, 304 
HumlMldt bsll mill, 81 
Hummer vibrating screen, 115, 119 
for testing, 468 
Hunt flotation machine, 256 
Huntington mill, 83 
Hutch,lig, 173^ 187 
Hydraulic classifiers. 143,144 
{St€ qUo Classifiers) 

Hydraulic giants, 100 
Hydraulic gold traps, 154 
Hydraulickmg, 207 
Hydrogen sulphide, 248, 250 
Hydrogen-ion concentration, 241, 245 
measurements, 488 
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Bydrocnetef, 472 
Hydroaeal centrifugal pump, $74 
UydTQ9tjAt%tQT, Dorr, l$2 
raeniiea, 524 
HydroUtor for coal. 523 
Hygroscopic water in coal, 549, 550 
Hysteretic repulsioD in magneta, 292 

1 

I. and A., 421 
Idler pulleys, 434 
Impact eOect in crushing, 89 
Impact pulveriser, 85 
Impact screen, 114 
Impurities in coal, 499 
lacluded grains, 96 
Income tax, 452 

Indicator bell for steam stamps, $5 
lodicators for pH, 488 
Indices for efficiency, 464 
Indirect-beat driers, 348 
Individual motor drives, 433 
Induction magnett, 292, 298 
industrial minerals, 420 
lofrasiter, 472 

Inherent ash and sulphur in coal, 499 
Inspiration mill, 266 
Instantaneous ash curve, 544 
Insurance, 454 

Interfaces in flotation, 232, 236 
Interlocking switches, 433 
Intermediate and secondary crushing, 19 
International Agricultural CorporaUoa, 422 
International Nickel Company mill, 283 
Interstitial ratio in jigging. 200, 204 
Investigation of Wilfley table action, 218 
iron*ore milling, 417 
Iron orea. roasting for magnetism, 300 

J 

Jacketed trommels, 125 
Jar mills for testing, 487 
Jarvis, H. P., 195, 196 
Jaw breaker, 7 

(Sti also Crusbera) 

Jeffrey single-roll coal crusher, 505 
Jeffrey-Robinson coal washer, 5^ 
Jeffrey-Traylor electric vibrating feeder, 324 
Jerking conveyor, 328 
Jerking tables, 212 
operating data and costs, 223 
aiziM tosts on. 224 

(•See qUo Wilfley tables) 

Jet washers, 100, 421 
Jigs and jigging, 172-205 
accelerated or quick return, 176, 189 
action of pulsion and suction, 172, 175 
air jigs, 369 
for coal, 539 

automatic discharges, 192 
bed, 186 

Bendelari diaphragm jig, 180 
bottom bed, 191. 192, 193 
Bring’s tests, 202 
bull jigs, 183 


Jigs and Jigging, Calumet mortar jig, 36 
capacity aiuf power, 194 

classifier jigs, 181 

for coal, 5M 
Collom jig, 19$ 

Cooley pgs, 180 

Cover $76 

dAU on, in Hecla mill. 397 

Denver Mineral jig, 186 

depth of bed, 186 

di^harces, 182, 184 

effect of jig bed, 204 

effect of pulsion, 203 

Eogliab system, 204 

feeding, 192 

field Of work, 172, 194 

fixed-sieve type, 172, 176 

frames, tanks, and hutches, 187 

B t« and dam discharges, 192 
sncock jig, 175 
hand jig, 1/3 
Bars |ig, 176 
height of tailboard, 191 
Hodge jig, 189 
hyimulic water, 190 
interstitial ratio, 200, 201, 204 
jig boxes, 430 
ig washers, 530 
ength of stroke, 197, 198 
mortar jig, 36, 376 

movable-sieve type, 172, 173, 175, 199 

number of comMrtments, 191 

number of strokes, 197 

operating data and costs, 204 

ran-Ameriesn pulsator jig, 186 

plungers and mechanism, 188, 189 

principle, purpose, snd definitions, 172 

products, 172 

pulsion action, 195, 201 

pulsion jip, 176. 196, 199 

pulsion tests, 199, 201 

Mlsion velocity, 196 

Kichards pulsator jig, 183 

rougbsr and cleaner jigs, 194 

sieves, 190 

sizing, before jigging, 204 
of teed, 530 
siting teats, 205 
skimming, 173, 192 
in steam stamp mortars, $6, 376 
suction action. 19& 200, 201 
suction tests, 199-202 
systems, $53 
testing, 479 
tests, on coal, 545 
OD g^ena and quarts, 201 
on hindered settling with pulsion jig, 
195 

OD sphalerite and quarts, 200 
tbeo^, 195, 201 
velocities for full teeter, 203 
Woodbury jig, 181, 189 
Johnson, E. H., 229 
Johnson electrostatic sspaiatora, 304 
Johnson magnet, 300 
Johnson revolving-riffle coneentratofi 229 
operating data, 2^ 
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johnrton vauner. 2^ 

for belt., tel 


jon« 

Jumbo miU, co 


K 


K * K flototion machine, 252 
Kehoe-Berge anthracite breaker. 564 
Keller flotation Mteot, 2di 
Kennedy mill, 231 

coefficient of fnctwn, M 
Kick’s law for cnisbmg, M 

KUna (»« Ftimacea) 

Kimberley diamond-OTe treatment, 313 
Kimberly lead-sine mill, 403 

^tteV launder WMher, 530 
Krauie mortar diacharfe, W 
Kraut flotation machine, 253 
Krom, 8. R., j>«. 810 

roll abella, 24 


Labor, in coal plants, 5M 
in ^(le Picner iniU, 394 
effect of efficiency on coeto, 455 
for hand jia, 174 

in Homeatake mill. 412 
in Midvale mill, 40$ 
mill requirements, 430 
quality of, 440 
Laboratory, «7 

apparatus for testing, 466, 490 
testa in, 443 ^ ^ 

Lactic acid, 243, 250 

Lake Superior native copper mula, 375 

LaMolte pH indicators, 483 

Lamps, vapor, 438 

Lana Mbble phosphate, 421 

LandoluBbmitein, 571 

Urk mill, 266 

launder classifiera, 145 

Launder washers for coal, 626 

launders, 336 

burlap for gold, 375 
laws, ot classifying, 128 
of crushing, 37 
of eddying resistance, 134 
of sett ling, 3, 123, 144 
of viscous resistance, 133 
Layout of mill, 434 
Leaching, of copper ores, 268 
of native copper ore, 373 
Leaching tanka, 340 , , 

Lead concentrate, calculation of value, 449 
Lead miUs. 361'364. 330 
Lwd ores, flotation, 275, 282 
Lead-sine ores, charges for custom numng, 
450 

Leaf filters, 340-347 
Leahy vibrating screen, 117 
Leavitt steam stamp, 376 
Lessing proceas, 314, 522 
Idbbey, w. L., sodium amalgam, 56 


liberation by comminution, 5, 67 
life of tnill| 430 
lifier-bar liner, 76 

Ji^e'Muon, 246. 250 
Limite, of automatic sampling, 
of screen aising. 105 
Lincoln, F. C-, W7 
liners, for launders, 6M 
for revolving mills, 76 
lines of force, ins«®*tic, 
link-belt Simon-Carves jig, 633 
lip plates, 53 
lip screens, 510 
litigation, floUtaon. 234 
living facilities, 437 
Loading booms, 512, 556 
Location of mill, 355 
•Sect on costa, 455 
Locked-batch tests. 490 
Log washers, 97, 421 
Lmrithmic plots, 4^ 
of free settling, 132 
of SLsing teats, 91 
Long Tom, 97 ^ 

Longdale log washer. 97 
Lonng, amidgamation, 62 
Losses, in concentratmg and smelting, i 
of gold in amalgamation, 66 
of mercury in amalgamation, 65 

in nulling, 429 
Louis, H.. on plates, 56, 57 
Lowden drier, 347 
Lubrication, 439 
Lump coal, 501 

V. dust-control system, 849. 

468, 438 

M 

McCully breaker, 11, 12 
McDonald. B., 672 
McDougali furnace. 3<^ 

Machines, choice of, 4W 
McIntyre Porcupine mul, 264, 280 
McLachlan, C. G., 95 
McMillnUi 541 ... 

Macquisten floUtion process, 233 
Magna mill, 265, 372 

Magnetic separation and magnets, 288-303. 

353, 354 

acUon of magnetic field, 291 
applications, 288 ^ .. _ 

MOl-Norton belt magnet, 296, 297 
belt types^ 294. 296,^ 
elassifi^tion, 292 
cobbing magnets, 292 
coercive force and remanence, 291, 292 
Crockett wet belt magnet, 293 
Davis magneUc log washer. 298 

Diogs-Crockett magnet, 417 
Dings bigh-intensity magnet, 300 
drum types. 293 
dust control, 291 
Edison magnet, 298 
Grdndal magnet, 294 
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M«netic 9tpAniioa $M ma«iuta, high ftnd 
low muiiflity, m « 

ioductiOQ mAgaets, 298 
JobnsoD mftgaet, 300 
l»borat«ry manietd, 483 
Udm of force, 2 Sid 

iDAgnetie field aad its actioo, 289 291 
nagaetic flux, 290 

magnetic propertiei of minar&ls, 4, 291 
magnetic pulleys, 293 
magnetic tube teaUr, 4S4 
preparation of feed, 

primary and eecoodary or induetion, 292 
reluctance and penneability, 290 
Steama type D magnet, 26 
Steams type K magnet, 300 
theory, 290 
for tramp iron, 293 
wet and dry, 292 
Wetherill magnet, 294 
Manetiam. action of, 289 
changed by heat, 4 
effect in aettling, 129 
roasting for, 3m 
Magnetite ore milling, 417 
Magnetomotive force, 290 
Maintenance, 430, 439 
Management, effect on coats, 45fl 
Mantle for gyratory breakers, 12 
Marcasite in coal, 499 
Marcy mill, 73, 74, 80 
Marketing of coal, 502^540 
Marketing producCa, 4vi 
effect on costs, 456 
Marmatite ores, 381 
flotation of, 407 
Martin, 89. 92 
Maaa copper, 375 

Mat type of flotation machines, 256 
Maxaon, W. L.. 91 
Maxwell’s law. 289 
Mean meeh size, 473 
Mean surface, 475 
Measures, equivalents of, 569 
Mechanical batea, 211, 414 
Mechanical claaaineTi, 163 
for laboratory, 482 
operation of, 168 
Mechanical coal piekera, 513 
Mecharucal diatnbutors. 325 
Mechanical sampUng, 319 
Mechanical atokers, 503 
Melting retorted amalgam, 63 
Men ties Cone Separator, 526 
Meozies Hydroseparator, 524 
Mercaptan, 249 

Mercury, care and purification, 64 
fed to stamps, 49 
loss of, 65 
poisoning by, 209 
properties of, 52 
sickening and flouring, 55 
traps for, 61 
use in riffiea, 208 
Mercury-arc lamps, 438 
Merrick weightometer, 350, 366, 368 


designation of screens, 44, 105, 107 
ihcoretical, 471 > , , • 

Metallurgical balance sheet, 461 
Metallu^cal dau (ace Results) 

Metallurgical efficiency index, 465 
MeUla, specific eravity table, 571 
Miami Copper Company, 234 
mill and flow sheet, 263, 266, 268 
Miami-Dunn floUtion machine, 258 
Micron aiaes^ 104, 471 
Microscope m testing, 477, 478 
Microscopic studies in UUh Copper Com¬ 
pany’s mills, 375 
MicroapUtter, 467 
Middlings, 5 
distribution of, 492 
jig for, 183 
retreatment. 429 
Middol, 284 
Midvale mill. 398 
MUIbead. 431 

Mills and operation, accounts and reports, 
451 

buildings, 365 

charges for custom milling, 450 
choice of equipment, 430 
construction, 428, 436 
control, 441 

for copper ores, 365, 371 
custom mills, 36 
data and flow sheets, 354 
design, 428 

layout and arrangement, 434 
for lead ores, 361, 380 
life, 430 

location, 426, 427 

for magnetite ore, 417 

for nonmetallie ores, 420 

operating costs, 452 

operation. 438 

for phoapSate ore. 421 

for precious-metal ores, 356, 409 

principles end proceeses, 351, 428 

racoroi, 441 

sections, 435 

site and arrangement, 356 
effect on coats, 453 
size, 430 
testing, 441 
underground, 427 
for sine ores, 380 
Mine din, 387 
Mineral aggr^tion, 3 
Mineral dresring, 1 
Mineral impurities in coal, 490 
Mineralogical analyris of briquettes, 478 
Minerals, electrical properties, 303, 304 
magnetic properties, 288 
nonmetallie, 420 
physical properties, 88 
properties, 2 

specific gravity table, 571 
Minerab Separation flotaUon process, 333, 
234 

Minerals Separation standard flotation 
251 
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Minerals Separation subaeration machine, 
253 

Mtnerec, 249, 403, 41$ 

Miscellaoeoua processes of sepamtmo, an 
Mixed copper ores, treatmeat of, 266 
Moctesuma Apex mill, 412 
Moisture, in coal, 549 
in feed to dry tables, 538 
reduction in dewatering and drying coal, 
550-553 
samples, $19 

specifications in smelter contracts, 447 
(Set oiso Water) 

Molybdenum dotation, 283 
from copper concentrates, 2$4, 375 
Monitor, 100 
Morenci mill, 441 

Mortar blocks for gravity stamps, 41 
Mortar jigs. 376 
Mortars, hand, 467 
of gravity stampa, 42 
of steam stamps, 33 
Mott, R. A., 548 

Movable^eve jin, 172, 173, 175, 199 
Moving screens, 111 
Multiple screens, 510 
Multisone Dorr classifier, 164 
Mumford and Moodie air separator, 306 
Munroe, H. 8., 196, 197 
Munts metal plates, 54, 58 

N 

Native copper ores, 36, 101 
flotation, 275 
mills, 375 
stamping, 33 

Natural drainage of coal, 550 
Natural feed for Witfley table, 220 
Needle crushers for coal. 507 
Nelson mechanical grissly, 899 
Ncrost lamp, 438 
New ComeUa mill, 266, 435, 437 
New plate error. 54 
Newhouse crusher, 22 
Newton, Isaac, 134 

Niagara circlO'throw vibrating screen, 118 
Nibelius flotation process, 233 
Nickel-ore flotation, 283 
Nissen gravity stamp. 48, 51 
Nominiu treatment charge, 444 
Noometallic ores, concentration, 420 
flotation, 2W 

Nonpolar groups in flotation, 240, 242, 243, 
248 

Nonpolar surfaces in flotation, 235 
Noranda mill, 95, 271 
Nut coal, 501, 502 

0 

Obsolescence, 454 

Ohio Copper Company, 266 

Oil flotation, 234 

Oil treatment of coal, 558 

Oils used as flotation reacts, 250 

Old English wire gages, 5/6 


Oleic acid, 245, 249 
Oliver filter, 342 . - 

One variable at a time m testing, 496 
Open-oimiit grinding, 77, 351 
derating costa, data, 456 
factors involved, 454 
Ol^rating dau, on breakers, 16 
on claasifiera, 157 
on Dorr claasiflere, 170 
on Dorr tbickeoera, 163 
on drag classifiers, 167 
on jerking tables, 223 
on Johnson concentrator, 230 
on Oliver filters, 343 
on rolls, 32 
on screens, 119 

on trommels, 125 , , 

Operating daU and costa, on jaw breakeis, 

on ^mons cone crushers, 22 
Operation of mills, 438 
Order of drop of stamps, 49 
Ore and water conveyors and elevators, 

^e bins, 316 
Om breakert, 7 
Orw, definition of, 1 
examination, 466 
properties 2 
testing, 466 

weights and volumes, 572 

(Su efso Minerals) . 

Organic liquids for floaUand-sink teats, 541 

Ortbotoluidlne, 244 

Osmiridium, recovery, 209 

Overflow discharge, 74 

Overhead costs, 453 

Overhead crab, 48 

Overlapping error, 54, 59 

Overstrom on launder slopes, 330 

Oxidation, effect on flotation, 408 

Mdised ores, flotation, 284 

P 

Palmitic acid. 245, 249 
Pan-American pulsator jig, 186 
F^n conveyors, 327 
Pan feeder. 324 
Pan jigs, 5^1 531 
Panning, dry, 311 
Panning tests, 479 
Pans, gold, 480 

{ .rifioing, 69 
or testily, 480 
washing, 100 

Pape-Henneberg air separator, 309 

ParaUel arrangement of machines, 436 

Paramagnetic substances, 291 

Pardee spiral slate picker, 514, 555 

Pamns, A. B., 448 

Particle sise in flotation, 237 

Particle-sise distribution, 87 

Payments specified by smelter contracts, 448 

Pea coal, 501, 502 

Peak Hill mine, 55 

Feale-Davis coal table, 538 
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Pebble mills, 60 

pebble coDsumpiion, 70 
(5 m aUo Revolving milU) 

Peek eeiitrifugel conceutretor 313 
Pembroke pboepbate mill, 423 
Pe&elties io emelter schedule, 445 
Pentaeol, 349 

PentASo] xAQtbate, 243, 249 
Perceatage of opening Id screebs. 43. 50. 
107, 108 

Perkina flotation patent, 234 
Permeability, o( iron, 290 
of magnetic circuiU, 290 
Petrographic microaoope, 477 
Pfeiffer air separator, 307 
pH and pulp^control reagents, 245 
pH measurement, 488 

(5m also Hydrogen*ion concentration) 
Phelps Dodge Company, 365 
Phosphate mills, 421 
Phosphate Recovery Corporation, 422 
Pbosphorcresylic acid, 244, 249 
Photoelectric control of jig discharge, 535 
Physical aspects of flotation, 236 
Physical forma of impunties in coal, 499 
Physical properties of ores and minerals, 2, 
67 

Picard, 251 

Pick breakers for coal, 507 
PickiM tables and belts, 102, 376 
(5 m ofso Hand picking) 

Pillovr blocks and alignment for rolls, 26 
Pilot mil), 427 
Pilot plant tests, 494 
flotation tests, 490 
Pilot tables. 223, 281 
Pino oil, 242, 249 
Pinene, 242 
Pipe launder, 339 
Pipe samples, 318 
Pittsburgh Coal Company, 551 
Planetary gears, 434 
Plant needed to serve mill, 437 
Plaque, vanning, 480 
Plastic deformation, 89, 94 
Plate conveyora, 327 
Plats screens, 43, 108, 510 
Plates, amalgamating, 53 
Plots of sising tests, 91, 472 
Plumb air jig. 310 
Pneumatic concentration. 30^ 421 
air*blast machines or classifiers, 306 
air jigs, 309 
for coal, 539 
Air*sand procese, 315 
ttir tables. 310 
for coal, 536 
apparatus for, 305 
applications, 305 

comparison with wet concentration, 3U 
dry blanket, 311 
dry panning, 311 
momentum separator, 309 
(5 m aUo Air separation) 

Pneumatic flotation process, 234 
Pockets in classifiere, 144 
Pointed boxes, 158 


Polar groups in floUtion, 240. 242, 243, 248 
Polar surfaces in flotation, 235 
Polarity, 2 

Poiishra sections, 477 
Poods, tailings, 44\ 

Pope, G. S., 549 

Poroeiiy changed by roasting, 4, 312 
Porphyry copper mill, 365, 372 
Porphyry Du£e Ck»mpany, 78 
Potter, C. V,, flotstion process, 233 
Power, equivalents of, w9 
forms of, 432 
Power consumption, 431 
by Blake breakers, 9 
in Boime Terre ns ill, 386 
by breakers. 18 
by bucket elevators, 331 
by Carpenter driers, 531 
in coal plants, 566 
by conditioning tanks, 237 
by Connersville blowers, 259 
by Crockett weUbelt magnet, 298 
by Dings magnet, 300 
by electrostatic separators, 304 
by Elmore jig, 533 
by flotation machines, 255, 256 
by Oates breakers, 13 
by gravity stamps, 51 
by Hancock jig, 176 
by hinged-hammer crushers, 86 
^ jin, 194, 205 

by Johnson riflfe eoncentrator, 280 
by log washers. 99 
in Midvale mUI, 403 
by Oliver filters, 343 
by Raymond mill, 85 
by revolving mills, ^^81 
by steam stamps, 36 
by ^nons cone crushers, 21, 23 
by lelsmith breaksra, 14 
by Torrey Cyclone, 86 
by trommels, 124 
by vacuum fillers, 342, 343 
by vanners, 228, m 
in various mill processes, 461 
by Wetherill cnagnots, 296 
by Wilfley tables. 217, 224 
by WUmot Simplex coal jig, 531 
Power transmission, 433 
Precious-metal mills, 409 
Preliminary breaking, 6 
Preliminary investigation of ores, 494 
Preliminary washers, 96 
Preparation of coal, 498 
Pr^poroium miconiifue, 1 
Pre» filters, 340 
Primary magnets, 292 
Primary slimes, 170, 248 
Principles, of breaksra, 17 
of elect rostaric aeparation, 303 
of fine-sand and slime concentration, 206 
of grinding, 67 
of jigs, 172 
of rolls, 23 
of screen ^ing, 104 
summary of mill principles, 351 
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Prooewes, mill, summftry of, 351 
toting for, 478 

Procbft^^i 557 ^ 

Proi>erti09, of floUtioo 240, 249 

ofminerolfl *nd ore*, 2, «2, 235, 291, 304, 
312 313 

protective cUueee in enaeltef contracte, 448 
Protective colloide, 248, 250 
Pulp deneity, in floUUoo. 237, 276, 277, 281 
in revolving inill*, 77 
Pulp-eifting corduroy. 209 
PulMtiog ecreene. 114 
Pulutor cUeeifier, 155 

iw. 201,203 

teete of, 1^, 201 
velocity of, 195 

PuleioD’jig teeU on hindered eettliDg, 195 
Pulsion jigs, 175, 195 
for coel, Ml, 535 
pneumatic, 309, 312 
Pulverised coal, 503 , 

Pulverisers (see Grinders and gnndjng) 
for coel, 507 

Pumpe for water and pulp, 3^ 
Puncned-plate screens, 1 O 6 , 124 
Purification of mercury, 54 
Purpoee of coal cleaning, 498 
Pusn convey ore, 328 
Pyrite, roasting for magnetiam, 801, 302 
recovered from coal. 557 


Qualitative efficiency in coal dressing, 547 

< uality of cruihing (see Siting teats) 

( liaatitalive efficiency in coal dressing, 547 

< bartering, 318 

^srts. diameters and settling velocities. 580 
free>eettling velocities, 129 
full-teeter velocities, 139 
Quenching after heating. 5 
( liick-discharge ball mills, 74 
( uick-retum Jigs, 189 
i, liicksand column in classifiers, 141, 144 
Quotations specified in smelter contracts, 447 

R 

Raconits, 243 
Raking conveyor, 328 
Ratio of concentration. 5. 463 
formula, 573 

Ratio of r^uction in breakers, 13 
Ftatjos for free and hindered settling, 135, 
137, 140, 144, 195 
Raymond air separator, 306 
Raymond roller mill. 83, 305 
Reagents, addition of, in testing. 487 

consumption of. in various muls, 265, 258, 
26^ 276, 278. 282. 284, 386, 398, 403, 
407, 414, 416, 425 
flotation, 240, 249 
Receiving floors, 316 
Reclamation of old tailings, 380 
Records, 441 
operating, 451 


Records, of suing tests, 472 
of teats, 494 
Recovery, 5 
calculation of, 462 
of coal fines, 553 
Reducing roasts. 485 

of iron oxide for magnetism, 302 
Reduction gears, 434 
Reduction gyratory crushers, 19 
Reduction ratio in breakers, 13 
Refuse in coal, 499 ^ 

Regrinding in flotation, 263 
ReguUtoin for water, 325 
Rejection, calculation of, 462 
Reluctance of magnetic circuiW, 290 
Reroanence in magnets, 291. 292 
Remote-control switches, 433 
Repairs. 430, 439 
Reports of operations, 451 
(8cc ofae Records) 

Republic oil, 403 
Hssuing, 5 

Results, in Alaska Junesu mill, 360 
in Anaconda mill. 258 
in Bonne Terre mill, 386 
in Calumet and Heel a mill, 379, 380 
in Climax Molybdenum Company mill, 
284 

in Delta coal jig plant. 561 
in Eagle-Pieher mill. 394 
evaluation of. 461 
on coal. 540, 546 
in Heela mill, 898 
In Homestake mill, 412 
in International Nickel Con^ny mill, 283 
laboratory versus plant, 49o 
in Melntyre-Porcupine mill. 282 
in Magna copper mill, 374, 875 
in Miami mill. 271 
in Midvale mill. 402 
in Noranda mill. 274 
in phosphate mill. 422 
in Sullivan mill. 408 
in Sun^une mil), 416 
of testa, calculation, 491 
Retaining w*alls, 428 
Retorts mr amsigsen. 53 
Retreatment in flotation. 274 
of flotation concentrates, 269 
of old tailings, 421 
Reverbermtoiy furnace, 303 
Revolving mills, 69 
application, 59 
capacities, 78*81 
grinding media, 69 
Hadsel. 82 
liners, 75 
Operation, 75 

with peripheral screens, 81 

pulp density. 77 

shape, 7i 

mse of feed. 77 

^es, 80, 81 

^ing tests, 77, 78, 79 

speed, 76 

iS« qUo Ball mills; Rod mills; Tube 
mills) 
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R«voIi^g «reena or trommel* 120 

««■ 6 « 

RheoUveur coel weeber, 627 
RhwUveur pleoi, 562 
RibboD theory of roll* 31 

^ce coel. 601 

jnayler vortex cienifier, 152 
RicK*^Coggjn deetifier, MS 

clweifier, U7 

Kjcherd* hindered-eottlioe elMifier ifu 
Riche^ laboratory epitefutte. 130 * 
wchar^ pulMitor claMifier. 156 
mcnerdi pulMtor |i(. 1S3 
Richards spitslutte, 470 
Riddles, 112 
Riffle concootreior, 220 
Riffle sampleve, 318 467 
Riffle Ublee, 212 
Riffles, 207 
blocks, 207 
cleaoup of. 208 
cleats, 215 

forms and materiab, 208 
use of mercury, 208 
on WiiOey tables, 214 
Right and left eacDS, 47 
Ring gristiv, Ill 

^ **■’ 

sieve scale, 104 
ratio for, 90 
tpitskaateo, 158 
theory of crushing, 92, 94 
Ro-tap sieve shaker. 470 
Roaslmg, 3^ 
for fnability, 6 
for magnetiam, 300 
teste on, 484 
for porosity, 4, 312 
Robins belt conveyori, 326 
Robinson coal wawer, 143, 623 
Rock breakers, 7 

(Stt aUo Crushers) 

Rock house, 376 
Rock phosphate, 421 
Rocker. 211 
Rod mills, 69, 73, 81 
rods for, 71, 81 
(See cUo Revolving mills) 

Rogers dewatering screen, 340 
Roll feeder, 324 
Roller bearings, 434 
Roller mills, 62 
Rolls, 23 
angle of nip, 27 
capacity, 31 
closed circuit, 29 
for coal, 506 
driving mechanism, 26 
feeders for, 25 
field of work, 23 
free and choke crushing. 29, 32 
general construction, 24 

t raded crusbing, 32 
ousing. 26 

materials for shells, 25 
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Rolls, opemtmg data and cosu, 82 
pillow blocks and alignment, 28 
pnncxple and purpose, 23 

abella and cores, 24 
sising tasu, 30, 31, 32 
space, 27 
•PMd, 26 
springs, 24, 25 
trueiog shelb, 26 
widtb and diameter, 26 
Ross chain feeder, 

Reas drop-bar grin ly, U 2 
goUry breaker for coal, 607 
Rotary Louvre drier, 553 
Rougher cells in flotation, 261. 262 
Rougher jip, 194 

Roughing plane on Wilfley ublcs. 216 
Hound-hole screens, 106, 610 
ratio to square holes, 468 
Round tabltt, 230 
Anaconda, 231 
(See aUe Slime Ubltt) 

Rowand screen, 111 
Royalties, 454 
in Tri-flUto district, 388 
Rubier conveyor belts, 326 
luungs for tube mills, 75 
mats for fioCation machines. 267 
for slims table surface. 
vaoner belu, 226 
Ruggl^Colee driers, 276. 348 
KuQ-of-mine coal, 562 

oJ gravity sUmps. 49 
Running sample, 817 
Rusty Mid. 61 . m 
Ruth notation machine, 


252 


S 


Sacking concentrates. 440 
Safety of mill site. 427 
Sage brush oil, 242, 249 
St. Joe fiouiipn machine, 258, 278, 386 
gt. Joe vibrating screens, 384 
8t. Joseph lead mill, 347 
Sale of concentrates, 443 
Sample cutters. 320 
Samplers and sampling. 317-322, 466 
automatic, limits of. 321 
comparison of methods, 320 
mecbaiucal, 319 
mill tampling, 442 
moisture samples, 319 
rules for, 317-322 

weights of coal samples for tests and 
analyses, 642 

Sand fiotalion, Chanee process, 618 
Sand medium in Air-sand process, 540 
Sand pumps, 332 
Sand wheel elevators, 332 
for Wilfley tables, 217 
Sanna shaking screen, 113 
Savinp, possible, 451, 454 
Seales, weighing, 350 
Scavenger cells in flotation, 261, 262 
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Scoop feoder, 7S , 

Scope of ore dressiag, 5 

Scrap, saving of. 485 

Scraper for araalgamating dates* 60 

Scraping conveyors, 328, 5M 

Screen analyses (see oising teats) 

Screenings, coal* 5<» 

Screens and sc retail, 104-127 
AlUs-Cbalmers vibrating. 119 
applications, 104 
aitangetnent, 510 

blinding, 108, 109 

Burch nng gniily* 111 

Callow traveling belt, 125 

cam and spring vibrating type, 117 


designations of sue of bole, 44 
dewatering soreen, 340, 550 
difficulties of screening* 108 
after disintegration or decrepiUtion, 312 
eccentriC'Shaft vibrating type, US 
efficiency, 105 
formula for, 673 

elactromagoetic vibrating type, llo 

feeding. 109 
Ferrans ihaking. 113 
forma of. 106, 109 
for gravity stamps* 43, 44 
gristly or bar, i09 

B rating, 114 
ummer vibrating, llo 
Impact, 114 


forligs* 190 , 

Luby vibrating* 117 
limitations, 105 


materials, 

mesh designation. 106 
moving types, 111 
Niagara, 118 

operating data and coataM19, 125 
percentage of opening, l07, 108 
pulsating, 114 

ratio of round to square holes, 468 
revolving, 120 

(Sec sue Trommels) 
riddles or shaking, 112 
Rosa drop-ba^ntsly* 112 
round bole, lOo 
Rowand, 111 
St- Joe vibrating, 384 
stationary types, 109 
for steam stamps, 33 
Symons vibrating, 119 
testing sieves, 468 
Tyler standard. 105, 576 
thickness of plate or wire* 107 
Tyler Ton-cap and Ty-rod, 106 
unbalanced pulley vibrating type, 119 
vibrating. 114 
wire clo^, 106 
for wood and chips, 380 
Screw conveyor, 328 
Scrub Oak mill, 195, 417 
S^ed-discbarge Rbeolaveurs. 527 
Secondary crushing, 19 
Sectionalised apparatus, 432 


Sections in niUs, 371. 402, 403, 438 

Se&eotation, sismg by, 472 
Selective flotation (sec Differential floUtion) 
Selectivity index, 464 
Self-tightening sUmp cams, 46 
Separators (see Mimetic separation and 
maf^ets; Pneumatic concentration, 

Series arrangement of machinea, 436 
Settling, aaents for. 442 
of coal sIudR, 554 
free versus hindered, 141 
free-setUiog ratios, 136, 144 
hindered-settlUig ratios. 136, 144 
laws, 3, 128, 144 

of eddying resistance. 134 
of viscous resistance, 133 
of mill water, 440 
for, 160 
BlaisdeU. 328 
tubular elasaifler tests, 137 
velocities, in Chance process. 519 
for full teeter, 139 
of quarts, 680 
of quarts and galena, 140 
is water, 128 
Shaft driers* 349 
Shaft furnaces. 303 
Shaking chutes* 655 
Shaking plates* 53 
Shaking screens* 112 
for c^* 510 


128,144 

Shelia for rolls, 24 

Shimmin-Hiracb flotation machine, 416 
Shiplap type of liner, 76 
dipping concentrates, 440 
Shoe, (or gravity stamp, 48 
for steam stamps. 34 
Shops, 437 

Sbori^lumo elutriator, 471 
^utdowns, 438 
Sickening of mercury, 65 
Side-shake vanners, 224. 226 
Sieve scale* 104, 468 
Sieves (see Screens) 

Silt coal, 501 

Silver amalgam for plates, 57* 488 
Silver concentrate, calculation of value, 449 
Silver milling, 409 
Silver-platea plates. 54 
Simon-Carves jig, 569 
Single-roll coal crusher. 505 
Entering machine, 347 
Site of mill, 355, 426, 427 
Sl se, effect of, in aettUng, 4, 128, 144 
on ^ime tables, 206, 210 , 211 
of mill, 430 
of samples, 321 
8it9 distribution, 87, 89 

for heterogenous material, 91 
for homogeneous material, 90 
(See ow Sisiog; Sizing tests) 

Sized feed for Wilney table, 220 
Sizes, of anthracite coal, 501 
of bituminous coal, 502 
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of eoftl cleaned meehanicallv 517 
of revolving mill*, 80, 81 ^ 

of weehed coal, 559 
SUiog, 352 

by elutriation, 470 
before jigging, 204, 530 
needed for dry Ublee, 537 
by screening and elutriation, 89 
by screens, 104 
by sedimentatioQ, 472 
in testing operations, 467 
by water mm, 210 

{3u oUo Screens and screening > 

Sising tests, 104 
on Blake breakers, 10 
in Boone Terre mdl, 381 
on breakers, 17 

cslculation of average particle aise, 473 
on claasifiefs, 158 
for coal, 545 

of coarsely onjsbed lead>iine ore. 88 

on Dorr classifiers, 164, 166, 171 

on Evans classifier^ 147 

on fiotation feeds and products, 268, 271 

on gravity stamps, 52 

of ground product. 90 

on gyratory breakers, 15, 16 

on Hummer screens. 120 
on jorkine tables, 224 
on tigs, 305 

in Pno^hate Recovery Corporation mill, 

recording and plottiM, 472 
on revolving mills, 78, 79 
on rod mills, 93 
on rolls, 30. 31. 32 
standard procedure, 468 
on steam stamps, 36 
id Sullivan mill, 406 
on Symons cone crusher, 23 
on trommels, 125 
used for calciJating tocuagee, 576 
SJ air Uble, 538 • » 

Skimming jigs, 173. 192 
Skin flotation. 233 
Skirt boards on conveyors, 326 
Slack coal, 502. 512 
Slate discharge on jigs, 630-535 
Slate picken, 3, 513 
Sledges, 6 
Sledging, 101 

Slime, utnitations of gravity concentration 
on, 206 

removal for fiotation, 239 
Slime coatings. 248, 250, 279, 287 
Slime cooceotratioo, 206 
Slime tables, 230 
adjustments, 231 
surfaces, 231 
SUp>riD£ motors, 433 
Slope, <n fixed tablea, 209 
of launders, 336 
of mill site, 4^ 
of slime ta()les. 231 
of Wilfiey tabl«, 218 
Slotted screens, 107 
Sludge, coal, 617, ^ 


245. 247, 249, 


144 


Sluice plates, 63 
Sluices, riffle 208 
Smelti^, 1 

charges and schedules, 443-451 
of concentrates. 406 
Smittemi 194, 387 
Soap estimates on coats, 456 
Soowalide dangers, 427 
Snyder sampler, 319 
Soap^ reagents in flotaiion. 

Soda ash in fiotation, 250 
Sodium amalgam. 66 
Sodium ailicate, 248, 250 
Sodium sulphide, 247, 248, 250 
Sodium sulphite, 247, 250 
Soluble salts in flotation, 285 
Sortmg (sea Hand picking) 

Sort^ column in ctassi&rs. 141. 

South African gold mills, 229 
Southeast Missouri lead mill, 361 
Space of rolls. 27 
Spalling, 7. 101 
Special proeeasse, 288 
Specific gmviQr, action of, on tablea. 636 
of constituents of coal, 500 
effect of, on costa. 456 
on settling, 3, 128, 144 
on sUine Ubles, 206, 211 
as method of analysis, 540 
for coal, 642, 543 

of minersds as basts of concentration, 3 
of mmerals and metals, table of, 671 
testing by, 476 

used for calculating totmages, 674 
Speed, of elevators, &1 
of revolving mills, 76 
of rolls, 26 
of round tables, 231 
of Wilfiey sand pumps, 334 

(See also descri^ions of individual 
machines) 

^balerite, jig tests on, 200 

Spigot products of classifierB, 144 

Spigol* for jig», IS8 

Spindle breakers. 11 

Spiral chutes. 655 

Spiral sand pump. 333 

Spiral slate picker, 514 

Spitskasten. 158 

Spitalutte. Richards, 130 

Splash plates, 53 

Splicing belts, 331 

Split launder, 325, 336 

Split shovel aampler, 318, 467 

SplitUng limits, 447 

Spotty ores in sampling, 322 

Springs for rolls, 25 

^rocket and chain tranamiseion, 433 

^rocket chain elevators, 329 

Squeeiing amalgam. 63 

Stage crushii^ (see Graded crushing) 

Stage flotation. 263. 282 

Stage grinding. 67. 79 

Staining of minerab for exasunation. 477 

Stamp-mill test, 485 
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St*mp9. appUcAlion, principles^ and clawi- 
ncatioa. 63 . . 

(See qUq Gravity sUmpa; Steano atamps) 
Standard forma for test rMulw, 494 
Standard Kand a)evin|, 4$S 
Standard Mine, 638 
Swndard Uating aievea, 576 
Starch in flotation. 248, 250 
Static charges, 303, 304 
Siationaiy tables, 206 
Sutiatics of anthracite coal, 502 
Steam hammers, 7 
Steam power, 432 
Steam aises of anthracite, 501 
Steam atampa, 33, 376 
appbcatiooa. 36 
in copper mills, 376, 435 
die, ring, and staves, 33 
discharge of copper nuggets, 36 
floors, dW and feeding. 35 
foundations, anvil blocks, mortar, screen, 
and frame, 33 

horsepower, 36 

shoe, shaft, and drivinc mecnatuam, 34 
single and compound, 36, 37 
siting tests, 36 
Tremain, 36 

water used and capacities. 65 
weight and blow, 37 
Stearnnoat coal. 501 
Stearic acid, 345, 249 
Steams type D magnet. 298 
Steams type K magnet, 300 
Steep-site mill, 356 
Steele-compound steam stamps, 37 
Stems of gravity sUmpe, 47 
Stoker coal. 503 

Stokes, O. O., law of settling, 133, 471 

Storehouse, 437 

Storing coneentraUe, 440 

Stove coal, 501 

Strainers, 325 

Strakes, ^ 

Stratifleation, 352 
on vanners, 229 
on Wilfley tables, 217, 218 
Stroke diagram of wilfley table, 215 
Structure of ores, 3 
Slump Air-flow cleaner, 539 
Sturtevant, 350 

Sturtevant roll-jaw crusheri 467 
Subaeration flotation itiachinea, 251 
Suction in jigs. 1^, 175, 198, 200, 201, 202 
tests on, Iw, 200, 201 
Sullivan lead-sine mill, 263, 381, 403 
^iman, 251 

Sulman and I^card flotation process. 234 
Sulphide copper mill^ 371 
Sulphide copper-ore notation, 265 
Sulpbi^sing agenta. 247, 250 
Sulphonated alcohols. 242, 249 
Sulphonated fatty acids, 245, 249 
^Ipbur in coal, 499 
recovery of, 557 
Sulphur mUs, 499 
Sulphur dioxide, 247, 250 
Sulphuric acid, 247, 250 . 


Summary, of coal-dreasing operatioi^, 501 
of mill principles and processes, 851 
Sunshine mill, 414 
Superpanner, 481 

Supplemenury principles, use of, 4 
Sur/^, calculation ot, 475 
Surface current claarifiers, 158 
Surface energy in flotation, 236 
Surface produced in crushing, 93 
Surface properties of ores, 4 
Surface tension, 2 
in flotation, 232, 240 

Susquehanna Colliery Compan:^ 555 

Sutton, Steele, and Steele, air table, 310, 536. 
538 

electrosUtJC separator, 304 
Sweating of amal^mating plates, 59 
Swing-hammer pulveriser, 85 
Swithes for launders, 336 
Symons cone crushers. 19 
Symons vibrating screen, 119 
Synchronous motors, 433 


Tables, on agglomerated pulp, 285, 313 
blanket, 54 
burlap, 375 
Butchart. 221 
eaavaa, 208 
carpet, 54 
for coal, 585 
testa on, 545 
continuous. 212 
corduroy, 65, 208 
Dciatcr, 222 
endless belt. 209 
film sising. 210 
fixed, circular, convex, 210 
greased. 312 
for hand picking. 102 
intenniiteot acting, 211 
jerking. 212 
labormtoiy, 480 
moving. 211 

pUot, 2^ 
pneumatic, 310 

revolving, circular, convex, 280 

riffle, 212 

shal^g. 212 

statioDary, 206 

use of, in modem mills, 223 

Wilfley, 212 

(See ofec Wilfley tables) 

Tabulation, of results of teats, 491 
of useful information. 569-588 
Taggart, A. F., 119, 567 
Tailboa^ on jigs, 191 
Tailings, 5 
disposal of. 427, 441 
in dumps and ponds, 441 
of jigs, 172 

necessity of impounding and saving, 3S0i 

441 

retreatment of, 421 
reworking of old, 380 
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Taodem trocomeb, 125 
Tank clasaiGen, U5 
Tanka {$99 Settline) 

Tannic add, 248 
Taper in breakers, 17 
of riffles on Wilfley tables, 216 
Tappete for aravity stamps, 47 
Taniished gold, 272 
Taxes, 454 

Teeter chamber in classifiers. 141 
Telegraph chute, 554 
Tell unde gold mineral recovery, 312 
Telsmitb gyratory breaker, 14 
Temperatures in coal dnem, 553 
Templates for mill design, 435 
Tenacity of ores, 3 
Tennessee phosphate, 421 
Terpineol, 242, 249 
Testing, 441, 466-496 
of coal, 540-546 
in coal plants, 540 
in fiolatiOD, 240 
in Isboratory, 443 

laboratory rsaults compared with plant 
resulU. 493 
of mill products, 442 
need for, 426 

one variable at a time, 496 

E preliminary examination of ores, 494 
or process and flow sheet, 355, 429, 473 
summary of procedure, 494 
Tyler standard sieves for, 576 
Texrops drives, 434 
Theft of gold, 209 
Theoretical mesh sises, 471 
Theory, of Chance process, 519 
of crushing, 92 
of film siting, 210, 352 
of flotation. 234 
of jigging. 195. 202 
of magnetism, 289 
of settling. 3, 128. 144 
Thickeners, for coal. 552 
Dorr. 160, 264 
Center, 346 

(5ee ofso Classification and classifying; 
Settling) ^ 

Thiocarbaoalids, 243. 244, 249 
Time samplers. 320 
Time samples, 442 
Tipplea. coal. 493 
Toggle action, 213 
Ton-cap screens, 106. 119 
Tonnage formula, 574, 575 
Tons per man, 439 
Toothed rolls, 505 
Tower driers, 349 
Town, capital for, 437 
Toxic agents in flotation, 346 
Tube mills, 69, 71 

(5ce <3i90 Evolving mills) 

Tubular classifiers, 145 
testa on settling, 137 
Turbidimeter, 472 
Turbo flotation cell. 398 
Turbo log washer, 99 


Turret-bowl classifier. 165 
Traction thickener, 161 
Tramp iron, 293 
Transmission of power, 432 
Iransportation, 426 

mercury, 61. 154, 412 

Tray thicken^ 162 

Tmylor type TZ reduction crusher 22 

iremam steam stamp, 36 

Trent amalgam process, 536 

^ppers for belt conveyors, 327 

T^-sUte sin^ead ores and milb, 386 

Irommeli, 120 

action of, 122 

capMity, 124 
driving mechanism 122 
feeding wet or dry, 122 
matenal of screens, 124 
power. 124 

sise. slope, and speed, 123 
tandem and jacketed, 125 
wash irommeb, 99 
iSte also Scresns) 

Trough washers, 96 
for coal, 526 

l>tlt conveyors, 326. 328 
Trunking Ubls. 96 
T-T muture, 244, 249 
^-rod screens, 106 
T>jer Ro-tap sieve shsker, 470 
Tyler screens, 107 
for stamps, 43 
for teetbg, 104, 105, 468 


U 

Ultropak microscope, 477 
Umpire assays, 447 

Underground mills, 427 
Undulating vanosis. 226 
Ub6aishea grains, M 
Unit, definition ot, 447 
Unit cell in flotation, 263 
Unit operatioo of mills, 371 
United EJlectric Coal CWpany. 562 
United Pocahontas Coal Company plant, 
561 

Unit^ States Smelling, Refining and Min- 
^ IM Company, 398 
UnitecTVerde Copper Company, 79 
UnwaUring devices, 339 
Utah Copper Company, 265, 327, 372, 441 
Utah electric vibrating feeders and screens, 
373 


V 


V 9h table, 53S 
V-belt drives, 434 
V-box classifiers, 159 
Vacuum filters, 341 
Vacuum flotation ptocea, 234 
Vacuum pump, 343 
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V»lu«, economics of recovery, 42d 
Vfto Leer coal tipple, 512 
Vannere, 225 
adiuaimeota, 227, 228 

artatioQ ratio, 229 

belta, 226, 229 ^ ooa 

capacity, water, and power, 228, 229 

cleaning plane, 224 

compansona, 226 

eoncentratin^Une, 22S 

end-abakc, 22 d 

field of work, 229 

Frue, 224 

JohnatoD, 226 

principle of separation, 229 

pulp b^, 228 

aide>ahake, 224, 226 
speed, slope, and water, 227 


types, 224 
undulating, 226 


Vanning plaque. 480 
Vanning ahovel, 479 
Vanning testa, 479 
Vapor lamps, 488 

Veloeitiea, of free settling of quarts and 
galena, 129 
for full teeter, 139 
of settling of quarts, 580 
Vantilation, 438 
Verdigris on plates, 55 
Vertical sections in milts, 4SS 
Vesin. H. A., 572 
Vet in sampler. 319 
Vibrating feeders and conveyors, 324 
Vibrating screens, 114 
Viking oH-treatment process for coat, 559 
Vindicator mill, 347 

Viscosity of liquids, effect in seltling, 130 
Viscous resistance, law of, 133 
Visaae coal jig, 635 
Visual examinations, 476 

W 


Wash trommels, 99 
WasbabiUty curves for coal, 543 
Washburn and Moen wire gages, 576 
Washers, jet, 421 
log, 97 

preliminary. 96 

(See aUo Coal dressing) 

Washery water. 553 
Washing of co^, 498 
Washing pans, 100 
Washing type of filters, 342 
Water, versus air for separation, 311, 517 
consumed, by Callow belt screens. 127 
by classifiers, 157 
tn coal washing, 553, 556 
by Elmore jig, 533 
gravity stamps, 49 
by Hancock jig, 176 
by log washers, 99 
by mUla, 440 
by steam starops, 35 
by WUfley tables, 217 


Water, for flotation teats, 490 

per cent in flotation concentrates, 264 
for power, 432 
recovery of, 440 
regulators for, 325 
required in launders, 336 
supi^y, 426, 440 
weights and volumes, 569 
<$ee alto Moisture) 

Water glass, 248 
Wave type of liner, 75 
Wearing parts, of Blake breakers, 10 
of gyratory breakers, 16 ,, _ ,, 

also Grinders and grinding; Rolls; 
^mpa; etc.) 

Weathering, 313 
Wedge wire scraenSi 564 
Wedge wood mortar, 61 
Weigning, 441 
or ore, 350 

Weight, of broken ore, 572 
of gravity stamps, SO, 51 
of samples, 321 
Weigh tom eter, 350 
WeighUi oquivalenta of, 569 
Weinig, A. J., 89 
Weinig flotation machine, 252 
Welding equipment, 439 
Wet concentration compared with dry, 311 
Wet precipitators for dust, 349 
Wet aplita in band-elaing testa, 469 
Wet>vacuum system, 342 
Wetberill magnet, 294 
laboratory sise, 483 
Wettability, 2 
in flotation, 232, 235 
Wetting agents, 250 
Wheel dewaterer, 339 
Whole bed of jigs, 173 
Whole current classifiers, 158 
Width of rolls, 26 
Wilfley. A. R., 213 
Wtlfley sand pump, 332 
Wilfley Ubiea. 21^ 535 
action in pulp bed, 217, 218 
agitation ratio, 220 
capacity, power, and water, 217 
deck ana riffles, 214 
fe^iiog. 217 
field oi work, 218, 223 
forms of riffles. 216, 217 
foundation, 213 
bead motion, 213 
invest^tion on, 218 

middlings elevator, 217 
number and length of stroke, 214 
products, 218 

roughing and cleaning planes, 216 
setting up, 217 
stroke digram, 215 
taper of riffles, 216 
for testing, 480 
tilting frame, 214 
(S^ aUo Jerking tables; Tables) 
WHmot Simplex jig, 530 
Windows and skyl^hts, 438 
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WiEmi>«ij)g, 311 
Wiregni^, 576 
Wire acreeae, for gravity aUmpe, 43 
(S«€ alto Screens and ecrecDuig) 

Wood, removal of, 350 
used in mill buiidinge, 437 
Wood-flotatioD proceed, 233 
Woodbury jigs, 181, 139 
Work required for cniehing, 88. 92 
Wuensch differential deoeity nroceas 314. 
394, 522 / . V, 

X 

X-cake, 249 
X‘Y reagent, 249 
Xanthate, action of, 240 
XyUdio, 249 


Y 

Y air table, 536 
Yancey, H. P., 548 
Yield-au curves, 543 

Z 

Ze^er, W. L.. 395 

Zinc, harmful effect in lead concentrates, 380 
Zme cblonde for float<and-sink (eats, 541 
Zinc chloride for flotation reagent, 250 
Zinc concentrate, calculation of value, 450 
Zine-lead oree and mills in Tri-state district 
386 

Zinc one, flota^on of, 275, 282 
mill flow sheets for, 3S0 
smelting chargea. 446 
Zinc suipnate in flotation, 250 


J a K UNIVERSITY LIB 

*«e No .....6^.^^./.. 

Pf**. . 




67801 





